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SOME IMPROVEMENTS IN ALUMINIUM 
ALLOYS AND IN THEIR MANU- 
FACTURE. 


Tue extravagant claims that have been made concerning the 
production and properties of aluminium have constituted 
one of the chief difficulties in its introduction, and the ex- 
tension of its present application. 

We suppose that pure aluminium will be put to very few 
practical purposes; it is rather to the remarkable alloys 
which it yields when combined with other substances that 
we must look, if this metal is to take any — part in 
general industry. 

The commercial variety of aluminium is a sort of alloy. 
The pure metal is softer and weaker. Three or four per 
cent. of impurities, paradoxical though the statement may 
appear, suffices to transform the pure metal into a much 
more useful article. 

Let us consider in review some of the properties of pure 
aluminium which its enthusiastic friends are apt to lose 
sight of. 

It tends to become coated with a thin film of oxide on 
being exposed to the action of the atmosphere. 

It loses its tensile strength and much of its rigidity at 
400°—500° Fah. ; becomes pasty at 1,000° Fah., and melts 
at 1,300° Fah. 

It does not roll or cast well, and its conductivity for heat 
and electricity is not more than half that of copper. 

Its tensile strength is only about one-third that of good 
steel, while its strength in compression is only about one- 
sixth that of cast iron. 

A bar of aluminium, 1 inch square, placed upon supports 
with 4 feet 6 inches space between them, deflects 2 inches 
with a load of 250 Ibs., while a similar bar of cast iron 
requires double the load to give an equal deflection. 

.-The modulus of elasticity of cast aluminium is about 
11,000,000, being only about one-half that of cast iron and 
one-third that of steel. 

But although the value of aluminium itself has been much 


over-rated, both it and its alloys especially, have many useful 
qualities which will rapidly be recognised now that the diffi- 
culty of soldering aluminium has been overcome. 

We keep our readers conversant with the new combina- 
tions of aluminium as they are brought forward, believing 
that the future usefulness of this muchly-boomed metal’ will 
depend chiefly upon the facility with which it alloys with 
other substances. 

An almost incorrodible compound of aluminium has been 
discovered during the past few months by J. W. Langley, of 
Edgewoodville, U.S.A. He combines any quantity of 
titanium from 0°5 per cent. to 10°0 per cent. with pure 
aluminium. 

Besides being almost unalterable as regards its surface, this 


‘' alloy is capable of acquiring by hammering or rolling a 


degree of elasticity and hardness much superior to pure 
aluminium. 

These alloys of aluminium and titanium, which are made 
by a process hereafter to be described, are fusible below the 
melting point of steel, the temperature required being de- 
pendent upon the percentage of titanium present. 

When the proportion of titanium is less than 5 per cent. 
the alloy is nearly as malleable as pure aluminium. 

The presence of iron and silicon in this alloy is injurious, 
tending to render it brittle and non-malleable, but a small 
proportion of chromium is of substantial benefit in increas- 
ing the elasticity of the product. 

The method: of manufacture is applicable not only to the 
alloying of titanium with aluminium, but also for the prepar- 
ation of alloys of aluminium with any metal which may 
happen to be electro-positive. It is as follows :— 

A bath of pure fluoride of aluminium is prepared in a 
carbon crucible, the oxide or other salt of titanium added, 
well mixed and allowed to dissolve. When the mass is 


thoroughly incorporated, and quite fluid, metallic aluminium 
is charged in, the relative proportions of aluminium and 
oxide or salt being such that the percentage of oxide shall 
be about twice the percentage of metal required in the alloy. 
The temperature of the crucible rapidly rises on the intro- 
duction of the aluminium, and as soon as it’ ceases the 
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reaction is completed, and the mass run out into another 
vessel, when, after cooling slightly, the slag is run off. 

The fluoride of any metal more electro-positive than 
aluminium may be used in the bath, but cryolite should not 
be employed, because it contains iron; fluoride of sodium 
or fluoride of calcium may be employed with advantage. 

Chromium may be introduced into the crucible as an 
oxide if it is desired to combine this metal with the alloy of 
aluminium and titanium. 


ABSTRACT RESEARCH AND PRACTICAL 
INVENTION. 


In an address delivered at the Patent Centennial in 
Washington a short time ago, Mr. F. W. Clarke very aptly 
called attention to the fact that just after the first American 
patent was issued a hundred years ago, two other events 
became a part of history. In 1791, Galvani published his 
famous book on animal electricity, and at about the same 
time the Royal Society gave its highest honour, the award of 
the Copley medal, to Volta. 

Between these events and the passage of the first American 
patent law no connection was then apparent, nor for many 
years afterwards did any relation become obvious. The 
patent system dealt with affairs of practical utility, while 
Galvani and Volta were mere visionaries, prying into matters 
of only speculative interest, and of no (then) real importance 
or value to anybody. Indeed, Galvani was ridiculed 
throughout Europe as the “ frog’s dancing master,” so remote 
from all material consideration, so useless to all outward 
seeming, were his investigations. 

In spite of ridicule and indifference, however, the un- 
practical researches went on from step to step, from discovery 
to discovery, until at last they ripened into invention. 


Galvani and Volta had worthy successors—Oersted, Ampere, - 


Ohm, Faraday, Henry, and others—all devoted to know- 
ledge for its own sake, and caring little for any reward other 
than the consciousness of achievement. 

The voltaic pile, the galvanic battery, and the electro- 
magnet were added to the resources of science ; facts, 
principles, and laws came into recognition ; and suddenly a 
relation of the work done to the work the great world was” 
doing became manifest. 

Nearly half a century was passed in these preliminaries, 
and then came the inventions of electro-metallurgy, of the 
telegraph, and of all the hurrying swarm of wonders that 
mark this “ age of electricity.” Suddenly the Patent Office 
became a centre of interest in what, at the date of its founda- 
tion, had been apparently remote from its purposes; dnd 
to-day, grown from the germs of a century ago, we see one 
of the chief objects of its activity. All now know the 
merit of Galvani’s work, and yet its lesson of history is far 
too seldom realised. Every true investigator in the domain of 
pure science is pestered with monotonously recurrent questions 
as to the practical purport of his studies, and rarely can he find 
an answer expressible in terms of commerce. If-utility is 
not immediately in sight, he is pitied as a dreamer or blamed 
as a spendthrift of time; for the questioning man of affairs 
can recognise only affairs, and to him speculations not con- 
vrtible into coin of the realm must naturally seem profitless. 


High aims count for little or nothing—results, and tangible 


results, are what are clamoured for. 

But history teaches us that every department of invention, 
every advance in civilisation owes much, somctimes all, to 
the student ; no industry is independent of the results won 
by purely abstract research. And since our gratitude to 
science is often manifested in that cynical form which has 
been wittily defined as “a lively sense of favours yet to be 
received,” for we expect more in the future than we have 
realised in the past, as the old marvels become commonplace, 
we should do well to bear in mind that the relations of 
abstract research to practical invention are very close, and 
no one but one of those “ rule-of-thumbers” who pride 
themselves upon being merely “ practical” men would be 
likely to dispute it in the face of such history as the develop- 
ment of electricity supplies. 


THE Plymouth Chamber of Commerce 
has endorsed a resolution which is to be 
proposed at the annual meeting of the 
Incorporated Chambers, expressing the conviction “ that the 
coastguard stations, shore lighthouses and rock lighthouses 
and lightships of the United Kingdom ought, as far as 
possible, to be placed in telegraphic or telephonic communi- 
cation with the general telegraph system of the country, as a 
means for the protection of life and property as well as for 
national defence ; and that in view of the fact that so many 
Government departments are interested in the matter, and 
that neither can alone deal with it as a whole, the Prime 
Minister be asked to receive a deputation at as early a date 
as possible.” It was stated that no fewer than 700 men and 
boys lost their lives along the coast every year, and a large 
number of these might, it was contended, be saved. During 
the blizzard, in March, 53 lives were lost in the neigh- 
bourhood of the Start Lighthouse. One steamer was seen to 
go ashore within a mile-and-a-half of the lighthouse, but, 
owing to want of communication, the coastguards, who were 
near at hand, knew nothing of what had occurred, and 
arrived too late to be of assistance. A member of the 
Chamber mentioned that this summer he visited a Danish 
lighthouse and found a man there who was paid, first, as 
light keeper, secondly, for signalling ships, and thirdly, for 
acting as telegraphist. The man told him that, on an 
average, nine cases of breakdowns and distress were made 
known by him, and asistance rendered, every year. It was a 
reproach, he added, that we in this country were not able to 
render similar assistance to ships and sailors, seeing how 
much we were dependent upon them for the necessaries of 
life. 


Communication 
with Lighthouses. 


An Application of Patent rights have been secured for at 

Electricity in Auto- apparatus for automatically delivering any 
matic Gas Apparatus. ronortionate quantity of oxygen, air or 
other gaseous body, into gas purifiers or other vessels, pipes 
or conduits, irrespective of any pressure there may be in 
such gas purifiers or other vessels. The gas is contained in, 
or pumped from, an ordinary holder into a gas holder, of 
which the side sheets are carried above the junction of the 
crown so as to form a tank on the top of the holder ; this 
tank is filled with water so as to give a greater pressure than 
exists in the purifier or other pipes, and is fitted with an 
adjustable overflow, so that by raising or lowering the water 
level, the pressure can be regulated at will. An electric con- 
tact maker, so constructed as to prevent any danger arising 
from sparking, is placed in connection with the station meter 
index and with an clectro-magnet, the arrangement being 
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such that when a certain quantity of gas has passed through 
the meter the circuit is momentarily closed ; the electro- 
magnet then attracts an armature, and certain valves, through 
which the air or other re-agent is supplied, are thereby 
opened. The gas on its way to the purifier passes through a 
meter which, by means of a mechanical arrangement, shuts 
the valves again when the desired quantity has been ad- 
mitted ; the gas then passes though regulating valves, 
worked by hand, by means of which the time occupied in 
passing can be lengthened or shortened as required, and then 
through a governor which maintains a constant difference of 
pressure between the inlet and the outlet of the meter or 
regulating valves. 


a sentinels DurinG the past few months we have 
Theory of Electro. frequently referred to Traube’s criticisms 

lytic Dissociation. Oo the theory of electrolytic dissociation 
proposed by S. Arrhenius. In a recent issue of the 
Berichte der Deutschen Chemischen Gesellschaft, there is 
another paper by this indefatigable controversialist in which 
he compares the determinations of the freezing point of 
certain organic solutions made by Raoult and Arrhenius. 
He insinuates that those of the former are to be preferred on 
account of the more numerous precautions observed in taking 
the readings. An account is also given of the manner in 
which Traube’s own determinations were conducted. His 
results appear to agree very closely with those obtained by 
Raoult and in his opinion they confirm the statement that 
the osmotic coefficient of all organic substances in sufficiently 
dilute solutions, is identical, or almost so, with that of many 
of the inorganic salts. The only difference is one of degree, 
or to put it in other words, the dissociation of the molecular 
aggregates of organic compounds in solution usually com- 
mences at concentrations, when that of salts is completed. 
Pickering and Raoult in private communications to Traube 
have, he says, expressed similar views. It will be remembered 
that Traube has proposed an “ association” theory in licu of 
Arrhenius’s “ dissociation ” hypothesis, and he considers that 
upholders of the latter theory have now to consider whether 
it can be extended so as to include solutions of all organic 
substances, and if so, into what ions these are resolved. His 
latest contribution to the controversy may be read in the 
Berichte xxiv., p. 1,321. 


An Austrian inventor, or at least one 
for Connecting Metals Who hails from Vienna, has lately pre- 
tte, eee new alloy which is stated to be of 
great utility in connecting metals with 

glass for electrical and other purposes, hermetically sealing 
glass tubes, &c. The alloy consists substantially of :— 

Tin ove Sos 95 parts by weight. 


‘ 100 

But other ingredients may be employed as well ; thus if this 
alloy be combined with from 0:5 to 1°0 per cent. of either 
lead or zinc it may be rendered softer or harder, or more or 
less easily fusible as required. The alloy is prepared by 
pouring the molten copper into the molten-tin, each being 
taken in proper proportion. The molten metals are then 
well mixed together with a wooden stirrer and the alloy which 
results is either cast or granulated. The usefulness of this 
new alloy consists in its property of adhering very strongly 
to clean glass surfaces. It melts at 360° Centigrade and it 
possesses the same coefficient of expansion as glass, so that 
Parts that are cemented with it are not ruptured on heating, 
owing to unequal expansion. The alloy may also be used for 
coating metals and wires, as it gives a fine silvery sheen to 
their surfaces, 


_ remained intact under all circumstances. 


WE are sorry to sce that another scarccly 

“London Railway creditable incident has public re- 

garding the working of the lifts on the 

electric railway. The following letter addressed to the 

Evening News, in the face of the recent accident, may do a 
great deal to prevent people using the line :— 

“T think it right to ask you to warn the public against a 
serious danger on this railway. This morning, on arrival at 
King William Street, and the passengers entering the lift, 
the attendant opened the valves, and it was found that the . 
lift was overloaded and would not move without closing the 
valves. The attendant got out and erdered the six or seven 
passengers nearest the door to go into the adjoining lift ; the 
consequence of this being that as the last passenger got out 
the lift began rapidly to rise, and had already risen some 
feet without any attendant in charge, when the latter by a 
rapid and dangerous spring, just succeeded in getting in 
without the outer doors being closed—an accident being 
only narrowly averted. The carelessness of leaving the 
valves open while the people were ordered to get out needs 
no comment.—I am, &c., “ Drytvs.” 

“ August 13th.” 
While ready to admit that the foregoing statement may 
exaggerate the case, it must have a good foundation in fact, 
and when such a lack of intelligence or care is displayed by 
the servants, it cannot be expected that the public will be 
anxious to travel on a system which may land them a good 
deal farther than they wished. The worst of these little 
accidents is that they bring the clectric railway into dis- 
repute, and really, without these, there is enough ignorant 
prejudice to overcome before the line becomes a popular 
medium of carriage. 


CARLYLE says that experience is the 
sternest teacher; and this saying is well 
borne out in many artistic and scientific developments of the 
present day. It was only the experiences gained in burning 
human beings that led to the abolition of overhead electric 
light wires. It is not until men have been wantonly 
slaughtered that pains are taken to mitigate the possibility 
of a like occurrence. Thus have we obtained many of our 
inventions and improvements for the protection of human 
lives. Unfortunately, there is an attribute of mankind 
which, whenever there are two ways of doing a thing, in- 
variably adopts the wrong way. The truth of this was 
manifested at Islington last week, when a little girl was 
killed by an arc lamp falling on her head. It appears that 
the entire support of the lamp was derived from the leading 
wires, which, when burnt through, failed to carry the weight. 
Now, had this lamp been fixed in the proper way, it would 
not have depended in the least degree upon whether the wire 
was burnt through or not. The supports would have 
It isa pity that 
such accidents occur; for it is when such bad work results in 
injury, that the authorities rush to the other extreme and 
impose all sorts of onerous conditions, which condemns alike 
safe and unsafe work. It is likely that the London County 
Council will take up the matter and in their usual drastic 
fashion will frame a code which may settle the fate of sus- 
pended arc lamps. 


Overhead Dangers. 


At the present date, when so much 
attention is being drawn to alternate work- 
ing, and so much capital invested in it, 
any method of regarding the matter which will assist in 
forming clear ideas as to the phenomena involved and their 
mutual relationships, is much to be welcomed. Till recently 
we have had but two methods of expressing these, the ana- 
lytical and the method of rotors. The first of these has 


Alternate Current 
Working. 


ible 
ion, 4 
‘ag 
von ay 
to 
has 
be 
{ 
ave ; 
ace, 
of 
and 
be 
lop- 
erce 
be * 
the 
the 
uses . 
uni- j 
as a 
for 
any 
and 
‘ime 
date 
and — 
arge 
ring 
igh- 
n to 
but, 
vere 
and 
the 
nish 
a 
for 
| an 
rade 
as a 
e to 
how 
s of 
any 
or ‘ 
> in 
| in, : 
, of 
this 
shan 
an | 
ater 
con- 
sing 
eter 
cing 


[Aueust 21, 1891. 


212 BLECTRICAL REVIEW. 


the disadvantage of not appealing in any way to the ordinary - 


engineer, whose mathematical attainments are necessarily 
limited. The second is an improvement on the first, but 
inasmuch as it requires the idea of a projection and does not 
give other than the maximum values of the quantities 
involved in a directly visible manner, it is open to a similar 
objection. _Mr. Charles Steinmetz has recently published in 
the New York Electrical Review a method which has the 
advantage of giving the instantaneous values of currents, 
electromotive forces and magneto-motive forces directly, and 
in a manner suitable for scale measurements. The only 
assumption made is the usual one that the currents are sinu- 
soidal in form, which is now generally acknowledged to be 
_ within a little of the truth in nearly all modern alternators. 
The equation to a circle with origin at any part of its cir- 
cumference is of the form p = Q 7 cos (a — 0), p being the 
radius vector, 7 the radius of the circle, a the epoch and @ the 
angle of rotation of p. The similarity of this to the ordi- 
ion 0 ae: ‘6 
current equation sin (pt — 6) at 
once suggests the possibility of expressing sinusoidal currents, 
&c., by means of circles drawn to proper scales and suitably 
placed as regards their relative epochs. In this system, as in 
the ordinary rotor one, two or more quantities of the same 
kind combine by applying the parallelogram law to their 
maximum values, but it has the advantage of giving the 
instantaneous values in a more direct manner than the rotor 
method does. In the articles referred to, Mr. Steinmetz 
enters rather fully into many practical points connected with 
the design of transformers, and the data given should prove 
useful to designers of such apparatus. He also enters into 
the effect of hysteresis and eddy currents, giving their effects 
very clearly. To all interested in the question these papers 
will well repay careful perusal. 


THE startling rumour which we published 

last week to the effect that Mr. Ferranti 

had done with the London Electric Supply 

Corporation and had left the country is true so far as the 
first incident is concerned. The Deptford scheme and Mr. 
Ferranti have hitherto been considered as inseparable ; we 
shall now see to what result the severance of his connection 
with the company will lead. The tension at which electrical 
energy was originally intended to be sent along the mains 
was 10,000 volts, but we believe 5,000 have been found quite 
difficult enough to control. The fire at the Grosvenor Gallery 
brought about a complete stoppage of the company’s opera- 
tions, and we understand that the output which at that time 
existed has not again been reached, notwithstanding that 
something like £600,000 is said to have been spent in plant 
and mains alone. Recently we published an illustrated 
description of the Deptford station and we gave a due meed 
of praise to Mr. Ferranti for his untiring energy, enthusiasm, 


and daring in carrying on the work to the extent it had then - 


reached, but we have never said a word to negative our oft 
expressed opinions that the 10,000 volt scheme would 
eventually be reduced to something more reasonable. We 
have frankly admitted that Mr. Ferranti deserved success for 
his extraordinary exertions in endeavouring to conquer 
difficulties almost insurmountable, but we do not consider 
that he has by any means secured it, and at present it looks 
as if he had found his self-imposed task too stupendous, 
unless there are other reasons, at present withheld, to account 
for his resignation. Perhaps his contract for supplying plant 
to the Coporation is at an end, but was he not also its tech- 
nical adviser at the same time, and surely the consulting 
engineership was independent of the contractor? Whatever 
may have led to the dissolution, Mr. Ferranti. is so essentially 
part, and parcel of the 10,000 volt high tension scheme that 
it is difficult to point out his successor, and the consequence 


will be a want of confidence on the part of both directors and 
shareholders in the, ultimate triumph of his engineering 
notions. But the company is doing business, and this being 
so it may, perhaps, feel independent of the skill, knowledge 
and advice of any one individual. We believe that the state- 
ment to the effect that he had left the country is quite erroneous. 


The Thermal In a paper by E. Riecke in the Annalen 
Potential for Dilute dey Physik und Chemie, the author 
Solutions. discusses the thermal potential for dilute 
solutions. He calculates the potential for the components of 
a dilute solution, taking as his basis the fundamental equa- 
tion due to Gibbs. He then applies his results to the con- 
sideration of the various phenomena that dilute solutions 
exhibit, and succeeds in deducing the various laws which 
govern the lowering of the vapour pressure, the depression of 
the freezing point, the dissociation of electrolytes, the distri- 
bution of a substance between two solvents, osmotic pressure, 
diminution of solubility and the absorption of gases. It is 
interesting to notice that the results thus obtained by Riecke 
from mathematical deduction are identical with those which 
have been derived theoretically by other methods of reason- 
ing, and also identical with those obtained experimentally. 
The paper may be consulted in the Amnalen, series [2], 
No. xlii., p. 483, and there was also an article on the same 
subject by Planck, series [2], No. xxxii., p. 485. 


A NEW process has been pro in 

for givmg to Berlin by R. Falk, the object the 
Pcie soe deposition of a conducting layer or envelope 
‘ upon the surface of bodies which do not 

conduct electricity of themselves. The substances experi- 
mented with successfully include wax, gutta-percha, wood, 
plaster, paper, fabrics, glass, &c., and it is stated that flowers, 
anatomical preparations, the bodies of insects, &c., have been 
successfully dealt with. The essential features of the process 
consist in dissolving a salt of silver, such as the nitrate, 
chloride, bromide, &c., in collodion or in a solution of gela- 
tine, albumen, varnish, or other similar substance. Into the 
solution thus prepared are immersed the objects to be gal- 
vanised, or these objects may be painted over with the 
solution. When the objects have been thus prepared they 
are treated with a solution of sulphate of iron, or pyrogallic 
acid, hydroquinone, ammoniacal copper oxide, &c., substances 
which will reduce the silver salt to the metallic condition. 
A fine pellicle thus coats the object, and scattered through 
this pellicle the metallic silver which has been reduced, 
and which thus confers upon it conducting powers. All that 
now remains to be done is to coat the objects with any 
desired metallic deposit according to any well-known method. 


SomME experiments on the carburation of 
gtr iron have recently been carried out by 
F. Osmond, of the Paris Academy of 


Science. The metal used was obtained by electrolysis, and 
the source of carbon was the diamond. These expensive 
materials ensured great purity—a necessary condition in ex- 
periments of this kind. When diamonds are heated in con- 
tact with electrolytic iron at a temperature exceeding 
1,035° C., but not exceeding 1,065° C., and, therefore, below 
the melting point of pure white iron (which is 1,085° C.) the 
metal is attacked superficially and carburated at those points 
where it is in contact with the diamonds. At a temperature 
of 1,015—1,125° C. under the same conditions the iron melts, 
the diamonds are dissolved, and a regulus of white cast iron 
is obtained. With a higher proportion of the gems some of 
them remained undissolved, but they lose their character, 
being converted into a form of carbon resembling graphite ; 
they also take up a little iron. These results show that a 
pure form of carbon like the diamond cannot effect the pro- 
cess of “cementation,” but in contact with iron it first 
undergoes molecular change, and then carburates the metal. 
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THE ELECTRIC LIGHTING OF SOFIA. 


[PROM OUR OWN CORRESPONDENT. | 


] HAVE previously given you an account of the conditions 
for proposals for the electric lighting of Sofia, the term for 
which expired on July 13th. Up to that date six tenders 
had been handed in, namely, by Siemens and Halske, of Berlin ; 
the Edison Continental Company, of Paris ; B. Egger & Co., 
of Vienna ; Schuckert, of Niirnberg ; Crompton & Co., of 
London ; and Ganz & Co., of Budapest. But as the choice 
of a system was left open to the projectors, the most hetero- 

neous tenders were submitted to the municipal commission 
for lighting, the total cost varying between one and four 
million francs. It was quite impossible for the commission 
and its experts to find a correct basis for a comparative 
deeision on the tenders, and nothing could be done but to 
invite a new competition on a unitary and compulsatory 
footing. The conditions of this new supplementary pro- 
gramme are the following : 

Section 1.—Number and System of Lamps. 

The lighting of the streets comprises those streets which 
are given in the original schedule. The number of lamps 
corresponding to the requirements of the city of Sofia and 
the system of lamps are fixed as below : 

a. For lighting the streets specified in the original pro- 
gramme, 140 arc lamps at 16 ampéres, and 2,500 glow 
lamps at 30 German normal candles. 

b. For the public buildings, 2,000 glow lamps at 16 
German normal candles. 

c. For private lighting, 2,000 glow-lamps at 16 German 
normal candles. 

N.B.—The intensity of the arc and glow lamps may be 
lower than the figures above given. In this case the number 
of the lamps must be increased correspondingly. 


Section 2.—Size of the Installation. 

As to the size of the installation the tenders must include 
the following statements : 

a. The effect of the turbines and dynamos must be calcu- 
lated for a production of light corresponding to the con- 
sumption of the entire of the above lamps. 
ligh The leads must be provided for the same quantity of 

ight. 

c. The transformers must correspond to the power of the 
motors. 

Section 3.—System of Current. 


The system for which the pe is planned must be the . 


alternating current system with transformers. 
Section 4.— Lamps. 

The lamps must be introduced parallel, and at the tension 
of 100 to 120 volts. For arc lamps it must be stated how 
many can be introduced in series at this tension. The arc 
lamps must be fixed upon ornamental candelabra in such a 
manner that the focus of the lamp is about 8 metres above 
the level of the streets. Each of the candelabra must be 
provided with two consoles, of each 1°4 metre, for lighting 
with glow lamps. The candelabra, though simple, must have 
a pleasing appearance. Each candelabrum must be further 
provided with two glow lamps which are to serve for lighting 
after midnight. The glow lamps for street lighting must 
have a luminous power of 30 German normal candles, placed 
upon consoles projecting 1°40 metre. Half of the consoles 
must be fixed on the walls and the other half on posts. 

The candidates must submit specimens, or, at least, photos 
and drawings of the proposed candelabra. The circuits of 
the glow-lamps must be so arranged so that all the lamps for 
one side of the street may be introduced in one common 
circuit. The arc lamps must be placed approximately at the 
distance of 100 metres from each other and the glow-lamps 
at about 30 metres, alternately on each side of the streets. 
The height of the glow lamps above the level of the streets 
must be 5 metres. 


Section 5.—The Leads. 

The projectors must arrange their tenders for underground 
and above ground conductors. The loss of tension must not 
exceed 10 per cent. in the main leads from the central station 
to the city ; 2 per cent. in the distributive leads of the first 
and second class, at a maximum tension in the net, i.e., when 
all the lamps above named are burning simultaneously. 


Section 6.—Central Station. 


The central station must be designed for a turbine of 700 
H.P. with two alternating current dynamos, each of 350 
H.P., or a single such dynamo of 700 H.P. connected with 
the turbine, further with a second turbine of the same power 
and one or two alternating dynamos in reserve. 

The costs of the building must be included in the tenders 
and it must be arranged for three turbines of the above 
power. The useful effect of the turbines and of the alter- 
nating current dynamos must be stated. The houses for the 
officials will be erected at the expense of the municipality. 

Section 7.—Pipe Leads. 

For the sake of security the mains must be at least double 
from the reservoir to the turbines, and ag of “ Mannes- 
mann’s ” steel must be used exclusively. The loss of pressure 
must not exceed that quantity at which, with a flow of 312 
litres, a hydraulic power of 270 H.P. remains available, in 
which figure the useful effect of the turbines is taken into 
account. 

As for the double system of mains it is desirable that its 
dimensions should permit the entire power to be utilised 
with a single main. 


Nection 8.—Telephone. 


The central station must have telephonic connection with 
one point of the city, with the mayor's residence and the 
reservoir. 

Section 9.—Carriage, Tolls, dc. 


The cost of carriage, of setting up the machines in Sofia, 
and of laying down the leads and mains falls upon the pro- 
jector, but the outlay for tolls will be defrayed by the city. 


Section 10.—Ezxpiry of ime. 
Projectors must submit their tenders by August 20th, old 
style, 3 p.m. 
Section 11.—Disputes. 
No tender will be accepted unless it contains a declaration 
that the projector binds himself not to claim the protection 
of his consul in case of disputes between himself and the 


municipality. All questions between the contracting parties 
will be decided by the Bulgarian Courts. 


Section 12. 


As regards all points not here specified the competitors 
must abide by the determinations of the first programme. 


BIDDING FOR CONTRACTS. 


WritinG recently in one of our contemporaries, Mr. Sydney 
F, Walker took up the question of the abuses which have 
arisen from the practice of submitting tenders or bids for 
electrical work in England, and, considering the frequent 
expense to. which firms are subjected in preparing these bids 
and specifications, pleads that they ought to be paid for by 
the firms asking for them. To overcome this difficulty Mr. 
Walker argues that all bids or tenders involving much ex- 
pense should be charged for, the charge to be deducted from 
the amount of the contract by the successful competitor. 
We (Electrical Engineer of New York) have adverted to this 
subject in order to point out the difference which exists in 
the practice in this respect here and abroad. To apply 
this rule here would, we think, hardly be practicable. Phe 
trouble which Mr. Walker complains of is, we believe, largely 
due totwocauses: First, to the fact that in England, especially, 
any one who contemplates the installation of electrical work 
of any magnitude calls in a consulting engineer. The latter 
draws up plans and specifications to no special standard, 
working ont each detail of the equipment to suit his own 
ideas on the subject, and then asks for bids on these plans. 
Secondly, it rarely happens, abroad, that a single firm is in a 
position to offer a bid on all the apparatus required for the 
equipment of an electrical plant. In both these respects our 
practice is diametrically opposite. With us it isa rare occur- 
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“rence that a consulting engineer is employed, the intending 
purchaser applying directly to the companies to furnish him 
with apparatus to perform certain work. Then, also, our 
companies furnish everything, down to the smallest snap- 
switch required in an installation. It will therefore be scen, 
that the number of firms likely to enter into the competition 
for a piece of work is at once limited. On the other hand, the 


out, and hence are not required to go into the-minute details 
and ‘caleulitions of cost, as would be the case where the 
apparatus required has. been designed by an independent con- 
sulting engineer often with peculiar ideas of his own as to 
the best methods to be employed.. To the latter cause, we 
believe, most of the trouble complained of abroad is due. _ 
Which of the two methods of procedure is calculated to 
ive the best results is a question quite open to argument. 
he value of a good consulting electrical engineer is undeni- 
able in any project involving the expenditure of considerable 
sums of money, and we might even go so far as to say that 


clectrical establislhments—loss from which many indeed are 
still suffering. On the other hand, however, we hardly be- 
lieve it to be the province of the consulting engineer to act 
in the ré/e of a designing engineer, an error into which he is 
frequently apt to fall. With the variety of apparatus now 
manufactured by different firms it ought: not to be difficult 
to select, as it were, from stock such apparatus as will fill the | 
requirements of any particular case, and we believe that this 
metho:l of coer will prove eventually to be the most 
economical both for the bidder and the consumer. There 
will still be plenty of work for the cousulting engineer. 


firms bidding have a standard system of apparatus through- 


a more gencral recognition of this fact would have prevented — 
much loss and inconvenience in the past in many of our 


. EDISON DYNAMO AND MOTOR: 
THE Scientific American has repeatedly given detailed des- 
criptions of ‘small dynamos and electric motors copiously 
illustrated with first-class engravings: These articles have 
enabled many mechanics and amateurs to construct machines 
which have proved more or less satisfactory, according as the 
work has been well or poorly done. 

It is one thing to make a dynamo or motor from explicit 
instructions and quite another thing to design a machine 
adapted to generate or be operated by a particular current. 
The former is purely mechanical and within the range of most 
machinists Act amateurs, while the latter is entirely within the 
province of the electrical engineer or electrician. When the 
work of machine building proceeds simultaneously with the 
study of fundamental principles, real progress is made. For the 
benefit of those who proceed in this way, and inanswerto many 
inquirers, our contemporary gives the following detailed descrip- 
tion of an Edison ‘25 kilowatt machine, designed for use as a 
dynamo for supplying acurrent for five Edison standard lamps, 
or for use on the Edison circuit a3 a quarter horse-power motor. 


Smatt Epison Dynamo oR ‘Moror. 


Before beginning the description of the machine it is but 
fair to say that it is thoroughly well made in every particular. 
The insulation in cvery part is very perfect, and the whole 
is so well made that any single machine built. by a mechanic 
or amateur could but suffer by comparison with it; and 
furthermore, we doubt if any maker of a single machine could 
even purchase the materials required for the price asked for 
the machine by the regular manufacturers. Therefore, if the 
machine. is wanted, we advise a purchase. If experience is 
wanted, the making of the machine comes first in order, with 
a probable purchase to follow. 
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The engravings are one-third the actual size, linear. 
measurement. 

The base, which is of brass, is made hollow, as shown. It 
is 14 inches long, 73 inches wide, 1} inches deep at the ends, 
with two 1} inch elevations at the middle for receiving the 
cast iron pole pieces of the field magnet, which are each 
secured to the base by two small tap bolts extending upwardly 
through the base and into the pole pieces. 

The upper surfaces of the pole pieces are truly faced for 
receiving the cylindrical field magnet cores, which are made 
of Swedish iron, 2$ inches in diameter and 44 inches long. 
These magnet cores are each held in position by a threaded stud 
screwed into the pole piece and entering et core, Each 
core is provided with a vulcanised fibre collar at each end, 
which is } inch thick and iths inch wide. Upon each core 
and between the fibre collars, is wound 5} Ibs. of No. 24 silk 


HH 


Sipe View or Fiecp Macnet, Partiy in SEcTION. 


covered copper wire, with a wrapping of thin varnished 
paper between the layers. The cores, before winding, are 
thoroughly insulated with the same material. The fibre 
collars are each held in place by three conical-headed screws 
entering the end of the core, with their heads jeciosing 
beyond the body of the core. Tothe inner and outer ends 
the winding of each arm of the et are attached pieces 
of larger wire to avoid breakage, and the inner ends are led 
out through grooves in the fibre collars. The yoke, of 
Swedish iron, is 2$ths inches wide, 24th inches thick and 
74 inches long. It is held in position on the cores by two 
} inch bronze stads, each threaded: at the upper and lower 
ends, and furnished with a collar which fits into the counter- 
bored part of the hole in the yoke, The studs are squared 
at the rs end to receive a wrench, and a nut is placed on | 
each stud above the yoke for clamping it securely after 
adjustment. The ine is regulated or adapted to any 
work requiring less than its full pe by raising the yoke 
more or less. The yoke is provided with an eye, by means 

ront and rear of mah are arranged on o 
sides of the yoke, and held by brass 


The outside ends of the field magnet coils are connected 
with binding posts on the rear board. 

A variable resistance of 10 or 15 ohms is inserted between 
these posts when the machine is used asa dynamo. In the 
front such at the right hand side, is secured a bronze casting 
known as the right hand motor head field magnet terminal. 
This is adapted to receive the line wire, also one of the 
leads, the upper end of which is screwed to the casting. The 
lower end of the lead is secured to a lead terminal attached 
to a block of wood secured to the right hand pole piece. At 
the right hand side of the machine a similar arrangement of 
the lead is found, but. the upper lead terminal is made in two 
separate parts, one attached to the lead, the other being con- 
nected with the line; both being furnished with copper 
switch tongues. The switch arm turns on a stud propecne 
from the front board and carries a loose triangular switch 
or of copper, having a knife edge which readily enters 
étween the switch tongues. The switch has a [-handle of 


Switch ON THE Epison Dynamo orn Moror. 


hard rubber, by means of which it is turned. A stop pin 
projecting from the front board limits the rearward move- 
ment of the switch arm. 

The inside end of the right magnet coil is connected with 
the right hand lead, and the inside end of the left hand mag- 
net coil is connected with the lower half of the left hand 
lead terminal. 

At opposite ends of the base there are plane surfaces to 
which are secured the self-oiling bearings of the armature 
shaft. Each bearing has a hollow standard furnished with 
a oe ig en. together- with a cross piece in the hollow 
standard, forms a support for the spherical .central portion of 
the bronze sleeve forming the journal box proper. 


Fic. 2.—Fimst Two Commorator Connzcrions. 


This sleeve is shorter than the outer portion of the bear- 
ing, and is slotted across the top to allow two brass rings to 
tide upon the armature shaft, These rings dip in the oil in 
the hollow standard, and as they revolve carry oil to the 
shaft in quantities more than sufficient for the of 
lubrication. The oil is distributed throughout the bearing 
by means of spiral grooves formed in the inner surface of the 
journal box. The surplus oil drops back into the hollow 
standard. A screw plug in the lower portion of the standard 
allows of the renewal of the oil. The bearings at opposite 
ends of the machine are alike, except that the cast iron sup- 
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port of the bronze journal box, at the commutator end of the 
armature, is t on its inner end to receive the brush 


oke. 
; The steel armature shaft is 164 inches long and 4 inch in 


Fig, 3—ARRANGEMENT OF LAYERS aT END OF ARMATURE 


diameter at the j and +iths inch in diameter between 
the journals. The larger part of the shaft is 94 inches long. 
Sufficient end chase is allowed in the armature journals to 
cause the surfaces to wear smoothly. 


Fro. 4.—Ews oF THE ARMATURE CoRR. 


On the central portion of the armature shaft is placed a 
wooden sleeve, 1+4yth inch in diameter ; on this are mounted 
the thin sheet iron discs forming the armature core. These 
discs are 24 inches in diameter. They are arranged in series 


screwed on the shaft. The cast iron discs have their outer 
corners rounded, and in the edge of each are formed 32 
equidistant radial slits .;nd inch wide. In these slits are in- 
serted slips of vulcanised fibre for. separating the different 
pairs of coils during the operation of winding. 


Fic, 6.—Txe Brusx 


It is impossible to describe the Edison winding without 
depending mainly on the diagrams, figs. 1 and 2. There are 
two series of coils ; that is to say, there are two coils in each 


Fig. 7.—Deralits. 


division of the armature. There are 32 bars in the commu- 
tater, which are numbered consecutively from 1 to 32. 

The armature core and shaft are thoroughly insulated by 
means of paper coated with an adhesive varnish. Jute string 


5.—THr ARMATURE WITH Parts BrRokEN Away. 


of five, with tissue between the discs, and between the 
series of five are several thicknesses of paper. Enough 
discs are clamped together on the shaft to wis this portion 
of the core 34 inches long. The cast iron discs between 
whieh the sheet iron discs are placed are } inch in thickness 
and 24th inches in diameter. One of them is fixed.on the 
sheft, the other being held in place by a hexagonal nut 


ribbon ‘is wound on the face of the core es a further protec- 
tion. 
The wire used on the armature is. No. 21 copper wire, 


‘double covered ; the inner covering béing of silk, the enter 


of cotton. 
Leaving an end out for connection with the commutator 
coil, No. 1 is begun at 1 andjwound in four layers, with six 
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corivolutions “in each layer, the outer terminal coming out 
ab 1’.' These ends are gnarked respectively 1 and 1’ in such 
a manner as to avoid any possibility of the detachment of the 
marks. If this caution is observed, much trouble may be 
avoided. A good way to mark them is to place a tag of 
parchment, or parchment paper, on each end of the wire, with 
the number marked on. 

After winding coil No. 1 the armature is turned half way 
over and coil No. 2 is wound and marked in the same way, 
with 2 on the inner end of the coil and 2’ on the outer end. 
The coil is then reversed and coil No. 3 is wound and its ends 
are marked in the same way, and so on until the first series 
of eee is finished, the last coil of the series being marked 16 
and 16’. 

The first coil of the outer series is No. 17-17’. This is 
wound on the top of coil No. 1. The armature is turned 
over and No. 18 is wound on the top of No. 2, and so on 
until all of the outer coils are in place. : 

Before winding, the imner end of each wire is wrapped in 
jute string ribbon to a point within the end of the armature 
core, and it is farther protected by a wrapping of thin ad- 
hesive tape. The outer end of the coil is covered in the same 


way. 

‘About three pounds of No. 21 wire are required for the 

armature. The length of wire in the first inner coil is 
26 feet 6 inches. The length of wire in the last outer coil 
is 35 feet. 
_. The commutator cylinder is formed of 32 bronze bars 
having bevelled ends and radial arms for receiving the wires. 
‘These bars are clamped in position on a sleeve having ‘an 
under-cut flange, by a countersunk washer and a nut screwed 
on the sleeve. Mica is inserted between the commutator 
bars, between the barg and the sleeve, and between the ends 
of the bars and the,fjange and the washer. The radial arms 
extending from the commutator bars each have a slot in the 
end for receiving the terminals of the coils. 

The coil terminals are arranged in groups of 16, the wires 
of each group being parallel. The terminals are carried 
around and attached to commutator bars which are about 
45° from the planes of the coils to which they belong, thus 
making the winding more symmetrical and at the same time 
permitting of a better arrangement of the brushes. 

The coil terminals are inserted in the slots of the arms of 
the commutator bars and soldered with soft solder, the con- 
nections being made in accordance with the diagram, fig. 1. 

The wires, where they cross at the back and front end of 
the armature, are separated by sheets of mica. Where the 
winding crosseggat the rear end of the armature the wires are 
spread out so th ethey,are only one layer deep. 

When the windifig.of a coil is finished, the terminal is 
fastened by inserted in the-coil before winding 
the last three Convolutions, and tied after the coil is 
complete. 

A vulcanised fibre collar, a little larger in diameter than 
the commutator, is sli ip over the commutator bars and 
placed against the radial arms of the bars as shown. The 

edge of the collar is grooved and a canvas cover is fastened 
to the collar by tying it in»the groove. -It is then drawn 
“over the-tcrminals and fastencd by the first ring of binding 
‘wire'on the armature. At the opposite end of the armature 
a similar collar and cover is provided. 

Before covering the terminals with the canvas they are 
wound with twine, to give the end of the armature a sym- 
metrical shape. The winding is varnished with shellac before 
its cover is applied, and the cover is varnished after it is 

in place. 

The binding rings are formed of brass wire, wound tightly 
over a layer of mica interposed between the wire and the 
binding. The binding wire is secured by clips and soft 
soldering. 

The brush yoke is provided with wooden handle, by which 
it may be, moved, and a binding screw by which it is clamped 
in the position of use. In mortises in the ends of the yoke 
are Fonte insulating blocks, in which are inserted the brush- 
-holdipg-studs, . These studs are each provided with a nut for 
clamping the brush holder cables which communicate . with 
.the:leads at the side of the pole pieces. it," 
vn each brash-holding stud is placed a sleeve fastened 
with a set screw, also a loose sleeve connected with the fast 
sleevexby.2 spiral spring concealed within it. The loose 
_ deeve is farnished with a brush clamp for holding the brush, 


which bears on the commutator cylinder with a yielding 
pressure. The brushes are formed of spring copper wires 
fastened together at their outer ends with soft ole ott 

A jig goes with each machine for clamping the brush, 'and 
guiding the file while renewing the brush ends. 

The speed of the motor on a 125 volt circuit- is 2,400 re- 
volutions per minute. The speed at which the armature is to 
be driven in order.to generate a current having an E.M.F. of 
125 volts is 2,730 revolutions per minute. 

Since the first part of this article appeared in our issue of 
July 25th, we have received a letter from the Edison General 
Electric Company, stating that the machine here deseribed, 
according to the new rating, which went into effect June 
15th, is a 0°5 kilowatt machine, which, when used as a 
generator for supplying lights, will generate sufficient current 
to bring to full candle-power nine 16 C.P. 112-volt lamps, 
and when used for power it is a.4 H.P, motor at a rated 
volt. It is guaranteed to give 0°47 H.P. at seven-eighths 
of its rated volts. F 

We are also reminded by this letter of the fact we 
neglected to state in our former article, which is that this 
form of machine is a type which was brought out in 1885, 
and is known as the "Btandard Edison machine, which is 
made in several sizes. Each size is identical, in its general 
construction, with the machine described, and any of the 
machines can be used either as a dynamo or motor. 


THE EFFICIENCY OF QUARTZ FIBRES AS 
A MEANS OF SUSPENDING GALVANO- 
METER NEEDLES. 


Mr. H. Wuisner, in a recent number of the Electrical 
Engineer (American), gives some interesting results of experi- 
ments made by:him with reference to the efficiency of quartz 
fibres as a means: of Suspending galvanometer les. 

The measurements and tests of the q fibres applied 
neither to t t.nor.to the smallest that were made, but 
to a size that was found to be suitable for the purposes under 
consideration. ‘ 

‘The dimensions of the fibres were as follows : 
ot Suspension’ ot quarts fibre = inch, 

” ” 8 
The quartz fibre stood a maximum tens 
» § ” ” ” ” ” ” 

Reducing to equivalent. dimensions it appears that the 
quartz fibre is 5°4 times stronger than the silk fibre. 

From the above measurements it follows that one square 
inch area of quartz fibre would stand a tensile strain of 
172,000 lbs., and a squire inch area of silk fibre would stand 
a tensile strain of 31,800 Ibs. From this it a that 
quartz is over 1} times stronger than ordinary steel. 

In making tests to illustrate the sensitiveness of the quartz 
fibre, a. Thomson. ‘reflecting galvanometer of 10,000 ohms 
resistance was used. By means of the controlling magnet 
the galvanometer needle was adjusted so that 1 Leclanché 
cell gave a deflection of 320 scale divisions through 100 
megohms, 


~ *'The most remarkable part of the tests was the fact that the 


needle invariably returned to its zero or starting point after 
a deflection had taken place. This would not be strange 
were the experiment performed with a long suspension fibre, 
but when we consider that the fibre used was only } inch 
long and that the needle was-deflected in some of the tests 
through five or six hundred scale divisions, this return to 
zero must be considered quite remarkable. 

A single silk fibre was next tested; the ange yp 
needle being placed as nearly as possible under the same 
conditions of sensitiveness. ‘The Leclanché cell in this case 
gave a deflection of 70 scale divisions through 100 megohms. 
Under similar conditions the deflection with the quartz fibre 
in use was 320 scale divisions, therefore, in this particular 
case, the quartz fibre was about 44 times more sensitive than 
the silk fibre. The needle, however, failed to return to its 
starting point when the silk fibre was used, and this feature 
became yery marked under conditions of extreme sensitive- 
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ness. When seven cells were used a deflection of about 600 
scale divisions was obtained, but upon breaking the battery 
circuit the needle failed immediately to return to its starting 

int to the amount of about 100 divisions. Hence it is 
evident how unreliable silk is for delicate work. 

Remembering that it is possible to make very much 
smaller guarts fibres than those described in this article, the 
to which these threads can be 
appli me at once apparent. For electrometer purposes 
pi are unexcelled, and they will be received, says the writer, 
with enthusiasm by the ambitious physicist who would go over 
the experiments of Cayendish to demonstrate once more the 
laws of, universal attraction by means of lead balls. 


THE ELECTRICAL RESISTANCE OF CERTAIN 
COMMERCIAL GUMS AND GUM SOLUTIONS. 


Durinc the course of a recent investigation by Dr. 8. 
Rideal and Mr. W. E. Joule into the nature of gum arabic 
and its modern substitutes, they asked Mr. 8S. Skinner, of 
Cambridge, to determine the electrical resistances of certain 
gum solutions, and of the samples of gum arabic and Ghatti 
gum used in their preparation, ’ 

The solutions examined were of very high viscosity. 

The electrical resistance of viscous gum solutions appears 
to steadity diminish according as the temperature at which 
they are examined rises. The curve which expresses this 
property is very similar to those obtained for rate of change 
of viscosity with temperature, of which we give some examples 
in fig., where temperatures are plotted against a certain 
viscosity eoefticient, z. 

A refers to a sample of gum Arabic. 
Senegal. 
»  Ghatti. 

Although the curves run in the same direction, roughly 
speaking, no exact ratio appears to exist between the viscosi- 
ties of two gums, say, at 15° centigrade, and their electrical 
resistances at the same temperature. 


B ” ” ” ” 


Temperature. 


Viscosity coefficient. 


This is important, because some have thought it possible 
to substitute a determination of the electrical resistance of a 
gum for the viscosity determination, which is impossible if 
no exact,ratio exists between these values. 

As might be surmised, the electrical resistance of a gum 
appears to be greatly influenced by the. amount of -mineral 
matter which may. happen te be present. Gums which on 
ignition give the gveatest quanity of ash have the lowest 
electrical resistance and vice versd. 

Mr. Skinner condueted experiments with two. samples of 
Ghatti gum, two of gum arabic and also with two different 
mixtures of gums labelled F. and E. 

The following results were obtained :— 


Gum, or mixture. * Degrees’ | Resistance in | Viscosity factor, 


Centigrade. ohms. at 16° 

Ghatti (1 10 5,667 1,490 
ped 2 15 2,220 2,940 
ic (1 15 1,350 605 
(2 10 2,021 449 
Mixture 15 1,930 787 

” E 4 


If these results for the electrical resistance and the viscosity 


factor, z, at 15° C. be carefully compared an absence of any 
fixed ratio existing between them will be observed. 


THE THEORY OF MAGNETISM AND THE 
ABSURDITY OF DIAMAGNETIC POLARITY. 


In our last issue we gave some account of Mr. J. Parker's 
researches into the theory of magnetism as described by him 
in the August number of the Philosophical Mayazine, in 
which he shows that the common notion of diamagnetism 
rests on insufficient experimental evidence, or rather as he 
says “on none at all.” This notion is strangely enough 
commonly —— and yet no one has ever yet attempted 
to support it by theory or to evolve the laws which govern 
the phenomena. 

r. Parker now comes forward with an alternative idea 
based on theory, that every substance placed near one pole of 
an electro-magnet is attracted by the pole when the magnet 
is excited, and can only be prevented from approaching the 

le by some antagonistic cause such as the pressures exerted 

y the contiguous objects. To illustrate this let us remember 
that in the common theory of diamagnetism it is supposed 
that bismuth is more powerfully repelled by a magnet pole 
than any other substance. According to Mr. Parker’s theory 
bismuth is more fully attracted than any other substance. 

As he says, those who are preposessed in favour of the old 
theory should try to prove that the ascent of a balloon in the 
air is due to the diagravitational repulsion of the air, but 
those who accept his ~ will be content to regard dia- 
gravitation and diamagnetism as companion absurdities. 

Mr. Parker was first led to reason theoretically on diamag- 
netism by reading the following in Professor Tait’s “ Sketch 
of Thermo-dynamics”: “The commonly received opinion 
that a diamagnetic body in a field of magnetic force takes 
the opposite polarity to that produced in a paramagnetic 
body similarly circumstanced, is thus attacked by Thomson 
by an application of the principle of energy. Since all 
paramagnetic bodies require time for the full development of 
their magnetism, and do not instantly lose it when the 
magnetising force is removed, we may, of course, suppose 
the same to be truc for diamagnetic bodies: and it is easy to 
see that in such a case a homogeneous non-crystalline dia- 
magnetic sphere rotating in a field of magnetic force would, 
if it always tended to take the opposite distribution of 
magnetism to that acquired by iron under the same 
circumstances, be acted upon by a couple constantly tendin 
to turn it in the same direction round its centre, and ‘woudl 
therefore be a source of the perpelual motion.” ' 

This argument, which for some unaccountable reason 
seems to have been entirely neglected, requires to be slightly 
modified ; for no notice is taken of the frictional resistance 
of the air to the rotation of the sphere, and it is not. shown 
that the motion supposed to be thus derived in unlimited 
quantities, may not be due to the absorption of heat at one 
temperature and its partial rejection at a lower. These 
defects may be obviated by supposing the sphere placed in a 
“perfect vacuum,” and making provision to prevent the 
system absorbing or giving out heat except at some constant 
absolute temperature, 0. 

Also, for the sake of simplicity, we may suppose the sphere 
connected with mechanism, on which it does just so much 
work that its angular velocity of rotation remains constant. 
Under these conditions the system will assume an invariable 
ate. 
If we then suppose that w is the mechanical work done on the 
system in any time, and Q the amount of heat absorbed, the 
principle of energy will give, since there is no change of state, 


w+Q=0. 
Now, since work is obtained from the system, w is nega- 
tive. We see, therefore, that q is positive. / 
But by Carnot’s principle we have 
; < 0, or Q < 0. 


Thus Thomson’s ideal experiment is inconsistent with 
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both the principle of hath Cai, iple, and 

the polarity is fore dis- 
ved. 
eo certain papers previously published in the Philosophical 

Magazine, to which the reader who wishes to go into this 
subject fully, is referred, Mr. Parker adopted a modified form 

_ of Thomson’s argument :— 
‘ake a piece of bismuth (or of any of the so-called dia- 
ic substances) and place it within the action of a 
strong steel magnet whose poles are so far apart that only one 

f the poles, p, say, exerts any sensible force on the bismuth. 
Then let the steel magnet be made immovable, and suppose 
the piece of bismuth held bya ew of pincers, or in some other 
way, so that it can either be kept at rest or moved ‘abont at 
will. Next, let the air be exhausted in the space about the 
bismuth until the “ vacuum ” is and, lastly, let means 
be taken to prevent the absorption or rejection of except 
at some constant temperature, 0. 

If the bismuth is held for some time in any position, «, 
and then suddenly moved to a new position, y, nearer to Pr, 
the magnetisation of the bismuth will, of course, become 
ultimately stronger in the position, y, than it was in the more 
remote ition, z ; but, since magnetisation requires time 
for its development, the change of position may be effected 
so rapidly that the magnetisation of the bismuth has scarcely 
time to alter before the new position, y, is reached. 

We thus see that the amount of mechanical work which 
can be obtained from the system of the steel magnet and the 
piete of bismuth during a given time fF army depends, 
among other things, on the speed at which the change of 
position is made. Suppose then, if possible, that the bismath 
og oe by the pole, P, and let the system be made to under- 
go the following cycle of operations in two different ways :— 

(1). When the piece of bismuth is in equilibrium in any 
position, z, at the uniform temperature, 0, let it be moved to 
some other position, y, nearer P, so slowly that at every point 
of the path the bismuth is magnetised to the full extent and 
the temperature constant. The work done on this system in 
this operation will be positive, and may be written w. Then 
let the piece of bismuth return slowly from y to z by the 

pdt path reversed. The whole of the work, w, wifl thus 
ve returned by the system, so that, on the whole, there is 
neither loss nor gain of mechanical work during the cycle. 

(2.) Let the piece of bismuth be moved from z to y so 

rapidly that the magnetisation has scarcely time to change 
before the change of position is complete. The work that 
must be expended for this purpose is obviously < w ; in fact, 
if the position, z, be far enough away from Pp the work done 
on the during the change of position may be practically 
zero. Next, let the piece of bismuth remain at rest in its 
new position until the magnetisation has attained its per- 
manent value. Then, let it be brought rapidly back from y 
to x by the first path reversed, and, lastly, let it, remain in 
the position, z, until the original state is attained. The 
mechanical work returned by the system in this way will 
be > w. Thus, on the whole, there is a gain of mechanical 
work during the cycle in which heat is absorbed and evolved 
at a constant temperature. This being impossible by the 
a of energy and Carnot’s principle we conclude that 
assumption that the piece of bismuth is repelled by the 
pole of the magnet is absurd. . ‘ 
Now the inference first drawn by Mr. Parker, and stated in 
his earliest paper on diamagnetism, was not that diamagnet- 
ism was impossible, but that Carnot’s principle does not hold 
for the so-called diamagnetic bodies. And in his second 
paper Mr. Parker denied the existence of di etism ; but 
ong before that time Duheur had arrived at the same con- 
clusion from reading Mr. Parker’s first paper, and had written 
a book upon the subject. 
To the reasoning which we have just described certain 
objections have been taken, and these we will deal with in 
our next notice of Mr. Parker's interesting work. 


Public School Lighting.—Messrs. Drake and Gorham 
who, it will be remem , Some time back lit part of 
Harrow School, have now obtained the contract for installing 
the electric light throughout all the buildings and outhouses 
at Felstead School, Essex. There will be two engines, and a 
total of about 460 lamps. 


A NON-INDUCTIVE WATTMETER. 


Great difficulty has always been felt in measuring Se 
with alternate currents. e ordinary wattmeter, though 
accurate with direct currents when a correction is made for 
the power taken by the instrument itself, is of little value 
for use with alternate currents, as the time constant of the 
fine wire circuit is appreciable. If the pressure and current 
are in step, as is the case when an alternate pressure is 
applied to a resistance, such a wattmeter reads too low. If 
a pressure is applied to an inductive circuit, on the other 
hand, the reading may be much too high. 

Messrs. Swinburne and Co. have brought out a wattmetcr 
specially designed to avoid these errors. The moving coil 
contains but few turns and these are wound on a light mica 
former. The coil is held by top and bottom stretched wires. 
External resistances are supplied. These are wound with the 
alternate layers right and left handed. The time constant of 
the fine wire circuit is thtis made sensibly equal to zero. 


Readings are taken by means of a torsion head in the 
usual way ; but for measurements of minute powers, such as 
hundredths of a watt, a mirror is used. These wattmeters 
are wound to suit any range from 3,000 volts and from 25 
amperes downwards. 

hey are said by the makers to read accurately on non- 

inductive resistances, and on inductive circuits in which the 

product of the pressure and current is 50 times the real 
wer. 

The wattmeter has the advantage over electrometer 
methods, as it does not involve the very serious troubles 


over resistances. Mr. Swinburne recently described an - 


electrometer which reads power directly, which, though it 
does the work of the three voltmeters discussed by Messrs. 
Ayrton, Sumpner and Swinburne soon ‘after, unfortunately 
needs resistances. Dr, Fleming has enormously improved 
the instrument method by substituting ampéremeters, and 
we thus have unimpeachable means of checking the watt- 
meter. If this wattmeter does what the makers claim for it, 
it will be exceedingly valuable to alternating circuit 
engineers. 


CAN GALVANIC CURRENTS BE DEVELOPED 
IN AQUEOUS SOLUTIONS WITHOUT THE 
HELP OF A METAL P 


THIs question is considered by Prof. W. Ostwald in a paper 
on chemical action at a distance, recently published in the 
Sitzungsberichte der kgl. Stichsischen Gesellschaft der Wissen- 
schaften. It may be differently stated thus: Is it possible 
to obtain currents of electricity in aqueous solutions by 
means of the building-up and breaking-down of ions ? 

Prof. Ostwald takes the case of two liquids (4 and 8) in 
contact with each other; a ‘is able to develop positive ions, 
and B to break them down, or in other words, to develop 
negative ions. If the electricity is carefully conducted away 
these phenomena will readily occur. The following example 
must first be considered :— 

Take an aqueous solution of ferrous chloride and another 
of sodium chloride, saturated with chlorine, and place each 
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in a small glass vessel, ¢.y., a beaker. Next immerse in each 
solution a platinum electrode, and join them by means of a 
wire, which takes on its way a galvanometer. 

The cireuit is now closed by means of a syphon tube 
filled with sodium chloride solution, and having its ends 
covered with parchment paper. 

Under these conditions, the galvanometer will show a 
current ing to the chlorine from the ferrous chloride, with 
the result that ferric chloride is formed in the neighbourhood 
of the electrode, to the surface of which its formation is 
limited when the ferrous ions are transformed into ferric ions 
by the transfer of positive electricity. ° 

Any other reducing solution may be employed in place of 
the ferrous chloride, and as a substitute for the sodium 
chloride saturated with chlorine, either a solution of bromine 
in sodium chloride, or one of potassium bichromate in 
hydrocloric acid may be used. 

The case when electricity is transferred through the 
solution without the intervention of metallic ions is a par- 
ticular case of the foregoing. 

Bi-sulphite of sodium and a solution of sodium chloride 
containing bromine may be employed, and precisely com- 

ble phenomena are observed. 

In the first case, the phenomenon of ferric chloride forma- 
tion may be demonstrated by adding a little potassium 
sulpho-cyanate to the ferrous chloride, and then the forma- 
tion of ferric ions will be shown by the development of a 
reddish brown colouration at the proper electrode. 

In the second case the presence of sulphuric acid may be 
proved by means of an acid solution of barium chloride, 
which gives a heavy white precipitate of barium sulphate. 

Prof. Ostwald states that the change in the ions of the 
sodium bi-sulphite solution in this last case may be variously 
accounted for. The solution contains negative ions of the 
form H 80, ; these are changed into negative ions according 
to the equation : 

2 H SO, + H, H, SO, + H,.SO,, 
and the acids which result, namely, sulphurous and sul- 
— acids, are either wholly or partially dissociated. In 
ringing this about the two negative units of the H SO, ions 
are necessarily removed, and they pass away to the other 
solution through the wire, where they act upon molecules of 
bromine (Br,), changing it into bromine ions, 

The same reasoning holds if the reaction 
be assumed, for two units of negative electricity, each equal 
to 96,540 coulombs, bm through the wires for every mole- 
cule of sulphuric acid formed. 

Prof. Ostwald’s paper is well worthy of a careful perusal ; 
in it he pays a high tribute to what he calls Arrhenius’s 
extremely fruitful theory of free ions. 


BRITISH ASSOCIATION FOR THE ADVANCE. 


MENT OF SCIENCE, CARDIFF, 1891. 


ABSTRACT OF ADDRESS BY DR. WILLIAM HUGGINS, 
F.R.S., President. 


I vo not purpose to attempt a survey of the progress of spectro- 
scopic astronomy from its birth at Heidelberg 4 1859, but to point 
out what we do know at present, as distinguished from what we do 
not know, of a few only of its more important problems, giving a 
prominess lace, in accordance with the itions of this chair, to 
he work of the last year or two. 

What the s immediately reveals to us are the waves 
which were set up in the ether filling all interstellar space, years or 
hundreds of years ago, by the motions of the molecules of the celestial 
substances. As a rule it is only when a body is gaseous and 
sufficiently hot that the motions within its molecules can produce 
bright lines and a corresponding absorption. The spectra of the 
heavenly bodies are indeed to a great extent absorption spectra, but 
we have usually to study them through the corresponding emission 
spectra of bodies brought into the gaseous form and rendered lumin- 
ous by means of flames or of electric discharges. In both cases, 
unfortunately, as has been shown recently by Profs. Liveing and 
Dewar, Wiillner, E. Wiedemann, and others, there appears to be no 
certain direct relation between the luminous radiation as shown in 
the spectroscope and the temperature of the flame, or of the gaseous 
contents of the vacuum tube, that is, in the usual sense of the term 
48 applied to the mean motion of all the molecules. In both cases 


place. 
In the spectra of comets the spectrosco 


the vi motions within the molecules to which their luminosity 
is due are almost always much greater than would be produced by 
encounters of molecules having motions of translation no greater than 
the average motions which characterise the temperature of the gases 
asa whole. The temperature of a vacuum tube through which an 
electric discharge is taking place may be low, as shown by a thermo- 
meter, quite apart from the consideration of the extreme smallness 
of the mass of gas, but the vibrations of the luminous molecules 
must be violent in whatever way we suppose them to be set up by 
the discharge: if we take Schuster’s view that comparatively few 
molecules are carrying the discharge, and that it is to the fierce 
encounters of these alone that the luminosity is due, then if all the 
molecules had similar motions, the temperature of the gas would be 
very high. 

So in flames where chemical changes are in progress, the vibratory 
motions of the molecules which are luminous may be, in connection 
with the energy set free in these changes, very different from those 
corresponding to the mean temperature of the flame. 

Under the ordinary conditions of terrestrial experiments, therefore, 
the temperature or the mean vis viva of the molecules may have no 
direct relation to the total radiation, which, on the other hand, is the 
sum of the radiation due to each luminous molecule. 

These phenomena haye recently been discussed by Ebert from the 
standpoint of the electro-magnetic theory of light. 

Very great caution is therefore called for when we attempt to 
reason by the aid of laboratory experiments, to the temperature of 
the heavenly bodies from their radiation, especially on the reasonable 
assumption that in them the luminosity is not ordinarily-associated 
with chemical changes or with electrical discharges, but is due to a 
simple glowing from the ultimate conversion into molecular motion 
of the gravitational energy of shrinkage. 

In a recent paper Stas maintains that electric spectra are to be 
regarded as distinct from flame spectra, and from researches of his 
own, that the pairs of lines of the sodium spectrum other than D 
are produced only by disruptive electric discharges. As these pairs 
of lines are found reversed in the solar spectrum, he concludes that 
the sun’s radiation is due mainly to electric discharges. But Wolf 
and Diacon, and later, Watts, observed the other pairs of lines of 
the sodium spectrum when the vapour was raised above the ordinary 
temperature of the Bunsen flame. Recently, Liveing and Dewar 
saw easily, besides D, the citron and green pairs and sometimes the 
blue pair and the orange pair, when hydrogen charged with sodium 
vapour was burning at different pressures in oxygen. In the case of 

ium vapour, therefore, and presumably in all other vapours and 
gases, it is a matter of indifference whether the necessary vibratory 
motion of the molecules is produced by electric discharges or by 
flames. The presence of lines in the solar — which we can 
only a electrically, is an indication, however, as Stas points 
out, of the high temperature of the sun. 

A continuous spectrum cannot be considered, when taken alone, as 
a sure indication of matter in the liquid or the solid state. Not only 
such a 8 m may be due to gas when under pressure, but, as 
Maxwell pointed out, if the thickness of a medium, such as sodium 
vapour, which radiates and absorbs different kinds of light, be very 
great, and the temperature high, the light emitted will be of exactly 
the same composition as that emitted by lampblack at the same tem- 

ture, for the radiations which are feebly emitted will be also 
eebly absorbed, and can reach the surface from immense depths. 
Schuster has shown that oxygen, even in a partially exhausted tube, 
can give a continuous spectrum when excited by a feeble electric 
discharge. 

The seg has failed as yet to interpret for us the remark- 
able spectrum of the aurora borealis. Undoubtedly, in this phe- 
nidémenon, portions of our atmosphere are lighted up by electric dis- 
charges ; we should expect, therefore, to recognise the spectra of the 
gases known to be present in it. As yet we have not n able to 
obtain similar spectra from these gases artificially, and especially we 
do not know the origin of the principal line in the green, which often 
alone, and may have an origin independent of that 
of the other lines. Recently the suggestion has been made that the 
aurora is a phenomenon produced by the dust of meteors and falling 
stars, and that near positions of certain auroral lines to lines or 
flutings of manganese, lead, barium, thallium, iron, &c., are sufficient 
to justify us in regarding meteoric dust in the atmosphere as the 
origin of the auroral spectrum. Liveing and Dewar have made a 
conclusive research on this point, by availing themselves of the dust 
of excessive minuteness thrown off fromi the surface of electrodes of 
various metals and meteorites by a disruptive discharge, and carried 
forward into the tube of observation by a more or less rapid current 
of air or other gas. These experiments prove that metallic dust, 
however fine, suspended in a gas will not act like gaseous matter in 
becoming luminous with its characteristic spectrum in an electric 
discharge, similar to that of the aurora. Prof. Schuster has sug- 
gested that the principal line may be due to some very light gas 
which is present in too small a proportion to be detected by chemical 
analysis or even by the spectroscope in the presence of the other 
gases near the earth, but which at the height of the auroral discharges 
is in a sufficiently greater relative proportion to give a spectrum. 
Lemstriim, indeed, states that he saw this line in the silent discharge 
of a Holtz machine on a mountain in Lapland. The lines may not 
have been obtained in our laboratories from the atmospheric gases, 
on account of the difficulty of reproducing in tubes with sufficient 
nearness the conditions under which the auroral discharges take 


has shown the presence 
of carton presumably in combiriation with hydrogen, and also some- 
times with nitrogen; and in the case of comets oe very 
near the sun, the lines of sodium, and other lines which have been 
supposed to belong to iron. Th the researches of Prof. H. A. 
Newton and of Prof. Schiaparelli leave no doubt of the close con- 
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nection of comets with corresponding periodic meteor swarms, and 
Aherefore of the probable identity of cometary matter with that of 
meteorites, with which the-spectroscopic evidence agrees, it would be 
perhaps unwise at present to attempt to define too precisely the exact 


condition of the matter which forms the nucleus of the comet. In 


any case the part of the light of the comet which is not reflected 


solar light can scarccly be attributed to a high temperature produced 
-by the clashing of separate meteoric stones set up within the nucleus 
-by the sun’s disturbing force. We must look rather to disruptive 


electric discharges, produced probably by processes of evaporation 


duc to increased solar heat, which would be amply sufficient to set 
free portions of the occluded gases into the vacuum of space. May 


it be that these discharges are assisted, and, indeed, possibly in- 
creased, by the recently discovered action of the ultra-violet part of 
the sun’s light? Lenard and Wolf have shcwn that ultra-violet light 
can produce a discharge from a negatively electrified piece of metal, 
while Hallwachs and Righi have shown further that ultra-violet light 
can cven charge positively an unelectrified piece of metal. Similar 
actions on cometary matter, unscreened as it is by an absorptive 
atmosphere, at least of any noticeable extent, may well be powerful 
when a comet approaches the sun, and help to explain an electrificd 
condifion of the evaporated matter which would possibly bring it 
under the sun’s repulsive action. We shall have to return to this 
point in speaking of the solar corona. 

A very great advance has been made in ourknowl of the consti- 
tution of the sun by the recent work at the Johns Hopkins University 
by means of photography and concave gratings, in comparing the 
solar spectrum, under great resolving power, directly with the spectra 
of the terrestrial elements. Prof. Rowland has shown that the lines 
of 36 terrestrial elements at least are certainly present in the solar 


cluding nitrogen as it shows itself under an electric discharge in a 
vacuum tube, have not been found in the solar s . Some 10 
other elements, inclusive of oxygen, have not yet been compared with 
the sun's spectrum. 

Rowland remarks that of the 15 elements named as not found in 
the sun, many are so classed because they have few strong lines, or 
none at all, in the limit of the solar spectrum as compared by him 
with the arc. Boron has only two strong lines. The lines of bismuth 
are compound and too diffuse. Therefore even in the case of these 
15 elements there is little evidence that they are really absent from 


_the sun. 


It follows that if the whole earth were heated to the tem ure 
of the sun, its spcctrum would resemble very closely the solar 
spectrum. 

Rowland has not found any lines common to several elements, and 
in the case of some accidental coincidences, more accurate investiga- 
tion reveals some slight difference of wave length or a common im- 
purity. Further, the relative strength of the lines in the solar 
wage is generally, with a few exceptions, the same as that in the 
electric are, so that Rowland considers that his experiments show 
“very little evidence ” of the breaking up of the terrestrial elements 
in the sun. 

Stas, in a recent paper, gives the final results of 11 years of research 
on the chemical elements in a state of purity, and on the possibility 
of. decomposing them by the physical and chemical forces at our dis- 
posal. His experiments on calcium, strontium, lithium, magnesium, 
silver, sodium and thallium, show that these substances retain their 
individuality under all conditions, and are unalterable by any forces 
that we can bring to bear upon them. 

Prof. Rowland looks to the solar lines which are unaccounted for 
as a means of enabling him to discover such new terrestrial elements 
as still lurk in rare mincrals and earths, by confronting their spectra 
directly with that of the sun. He has already resolved yttrium 
spectroscopically into three components, and actually into two. The 
comparison of the results of this independent analytical method with 
the remarkable but different conclusions to which M. Lecoq de 
Boisbaudran and Mr. Crookes have been led respectively, from spec- 
troscopic observation of these bodies when glowing under molecular 
bombardment in vacuum tube, will be awaited with much interest. 
It is worthy of ‘remark that as our knowledge of the spectrum of 
hydrogen in its complete form came to us from the stars, it is now 
from the sun that chemistry is probably about to be enriched by the 
discovery of new elements. 

In a discussion in the Bakerian lecture for 1885 of what we knew 
up to that time of the sun’s corona, I was led to the conclusion that the 
corona is essentially a phenomenon similar in the cause of its forma- 
tion to the tails of comets, namely, that it consists for the most part 
probably of matter going from the sun under the action of a force, 
fomibly: electrical, which varies as the surface, and can therefore in 

case of highly attenuated matter easily master the force of gravity 
even near the sun. Though many of the coronal particles may return 
to the sun, those which form the long rays or streamers do not 
return ; Yoo to be any longer 
visible, and may well go to furnish the matter of the zodiacal light, 
which otherwise has not received a satisfactory explanation. And 
further, if such a force exist at the sun, the changes of terrestrial 
magnetism may be due to direct electric action, as the earth moves 
through lines of inductive force. 

These conclusions appear to be in accordance broadly with the lines 
along which thought has been directed by the results of subsequent 
eclipses. Prof. Schuster takes an. essentially similar view, and 
suggests that there may be a direct electric connection between the 
sun and the planets. He asks further whether the sun may not act 
like a magnet in consequence of its revolution about its axis. Prof. 
Bigelow has recently treated the coronal forms by the theory of 
spherical harmonics, on the supposition that we see phenomena 
similar to those of free electricity, the rays being lines of force, and 
the coronal matter disc from the sun, or at. least arranged or 
controlled by these forces. At the extremities of the streams for 


ifteen elements, in- © 


some reasons the repulsive power may be lost, and gravitation set in, 
briuiging the matter back to the sun. The matter which does leave 
the sun is persistently transported. to. the equatorial plane of the 
corona; in fact, the zodiacal light may be the accumulation at great 
distauces from the sun along this equator of such like material. 
Photographs on a larger scale will be desirable for the full pep 
ment of the conclusions which may follow from this study of 
curved forms of the coronal structure. Prof. Schaeberle, however, 
considers that the coronal phenomena may be satisfactorily accounted 
for on the supposition that the corona is formed of streams of matter 
¢ saeialy from the spot zones with great initial velocities, but 
smaller than 382 milesa second. Further, that the different types of 
the corona are due to the effects of perspective on the streams from 
the carth’s place at the time relatively to the plane of the solar 
equator. . 


THE FUTURE OF THE ALUMINIUM PROBLEM 
FROM THE CHEMICAL STANDPOINT." 


By Dr. WM. H: WAHL. 


I propose to invite your ‘attention in the following remarks to the 
consideration of the possibility of cheapening the cost of producing 
-aluminium by improvements in chemical processes. P 

It is obvious at the outset that the selection of the aluminous com- 
pound to serve for reduction is of the highestimportance. The com- 
pounds available for the purpose are three in number :— 

1. The halogen compounds (chloride, fluoride, &c.). 

2. The sulphide. 

Thus far the com ds first named have been the only ones that 
have yielded i results on the commercial scale, and it 
would seem probable that if a substantial advance in the metallurgy 
of aluminium may reasonably be expected, it should be looked for in 
connection with those compounds that have heretofore proved to be 
the most pliable in the chemist’s hands. It will be most instructive, 
therefore, to examine the processes based on the use of the halogen 
compounds of aluminium, and to endeavour to ascertain to what 
extent the economies already realised in practice bar the way to 

These processes which held the field alone until driven from it by 
the remarkable development of the electrical methods are based upon 
the reduction of the chloride or fluoride of aluminium by means of 
sodium. For practical purposes it is found preferable to employ, in 
place of the simple chloride or fluoride of aluminium, the correspond- 
ing double salt of sodium. . 

First in order, let us consider the Devilie-Castner process. This 
embraces three operations—the manufacture of the double chloride 
of sodium and aluminium, the manufacture of sodium, and the reduc- 
tion of the double chloride by sodium. 

The statement will not be questioned by chemists that the use of 
the chloride as the aliminous compound to be reduced is attended 
with difficulties. It cannot be produced in the wet way either by 
precipitation or by the evaporation of its aqueous solution, and a 
roundabout furnace process is the only method by which it has thus 


. far been produced a Furthermore, it is so readily de- 
fully 


composed that it must care be preserved from the access of 
moisture. Also, though its reaction with sodium takes place with 
great encrgy, it has been found practically impossible to obtain by 
its use more than about 75 to 80 cent. of the contained aluminium 
for physical reasons inseparable. the conditions under which the 
reaction occurs. 

Its advantages are, its ready fusibility, in consequence of which the 
‘reaction with sodium begins at a comparatively low temperature, and 
the fact that it may be obtained entirely free from silicon and almost 
free from iron, the two elements that exert the most deleterious 
influence upon aluminium. 

It is a just tribute to the skill and ingenuity displayed by the able 
chemists in charge of the Deville-Castner plant, at Birmingham, to 
give them credit for having succeeded in reducing the cost of sodium- 
aluminium chloride from about 224 cents (which is believed to be a 
fair estimate of its cost before the improvements of Webster and 
Castner) to about 6 cents per pound. You will doubtless have heard 
much of the claims of.several processes for the direct production of 
the chloride, by passitig gaseous mixtures containing chlorine and 
carbon over heated alumina contained “in retorts suitably connected 
with a condenser. By one of these described in Richards’s admirable 
treatise on aluminium the cost of production is affirmed to be as low 
as 14 cents per pound. By another process, which is exceedingly 

lausible, hydrochloric acid vapours are passed into an. electric 
rnace, in’ which aluminium is being decomposed by carbon, the 
chloride formed being condensed in a suitably conn chamber. 

Either of these plans, so far as one may form a judgment from 
their general features, appears to decided advantages over 
the older one employed in the Deville-Castner operations. Thus far, 
however, none of them, so far as I am aware, have been put in prac- 
tice on a commercial scale, and, as as they appear to be, I 
incline to the belief that the fluorides present such advantages. that 
if there shall prove to be any future for aluminium processes based 
on the use of sodium as the reducing agent, the fluoride compounds 
of aluminium, and not the chlorides, will be used for the purpose. 


A paper read before thie American Institute of Electrical Engi- 
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The reasons for this opinion are : The fluorides are absolutely staple 
at common temperatures ; they may be highly heated without suffer- 
ing notable loss by volatilisation, and, by employing proper precau- 
tions in bringing the reducing agent in contact with them, they can 
be made to yield very nearly the theoretical quantity of contained 
aluminium in condition to be at once and without further manipula- 
tion cast into ingots. 

Respecting the comparative cost of the chloride and fluoride of 
aluminium, while reliable data are wanting, I am confident that the 
opinion of chemists who have given the subject any consideration 
will incline in favour of the fluoride. There is this important advan- 

in its favour, that the resulting product from the reaction of 
sodium with aluminium fluoride, i.c., sodium fluoride, by very simple 
and inexpensive operations may be made to yield, on the one hand, 
sodium hydrate, which may be utilised for the production of sodium, 
and, on the other hand, aluminium fluoride, thus regaining, at com- 
paratively little cost, both the reducing agent and the aluminium 
compound to be reduced. 

In the case of the chloride, the end product of the reaction is 
sodium chloride, a substance of such little value as to be hardly 
worth the cost of evaporation and utilisation. For these reasons, in 
the consideration of the future possibilities of the sodium process of 
producing aluminium, I believe the use of the chloride may safely be 
assumed to be impracticable. ; 

We come now to the consideration of the remaining element of the 
chloride and fluoride reduction processes, namely, the question of the 
sodium. I am aware that the —e of opinion among chemists who 
have given the subject very careful consideration is unfavourable to 
the future prospects of aluminium processes in which sodium is 
relied upon as the reducing agent. Richards, for example, whose 
opinions on all questions pertaining to the aluminium problem are 
entitled to the highest respect, in a lecture on this subject lately de- 
livered before the Franklin Institute, says on this point, “I do not 
consider the sodium processes, however, as ever likely to take 
part again in the metallurgy of aluminium. I think their day is 


I will not venture to dispute the correctness of the conclusion to 
which this very able and conservative author has arrived, since there 
are other metallurgical methods that appear to be much more pro- 
mising. The author I have just quoted, indeed, appears to be of this 
opinion, inasmuch as he says in the same paragraph,“ .. . 
although electrical processes are ‘on top’ at present, and, I think, 
will stay there for some time to come, I am far from considering 
= they may not possibly be superseded by non-electric methods of 
reduction.” 

It may be true that the sodium processes have had their day in 
the metallurgy of aluminium, but I am confident that the prospects 
for much cheaper sodium in the near future are decidedly brighter 
than those for meee aluminium. “Without underestimating the 
great difficulties involved in the production of sodium, and duly ap- 
preciating the value of the services of Deville, Castner, Netto, and 
others who have contributed meritoriously to the problem of reducing 
the cost of its manufacture, I have been impressed of late with the 
belief that all the methods hitherto acs HO and employed for the 
production of sodium are extremely crude in conception and imper- 
fect in practice. For one, I think it would be entirely possible very 
greatly to reduce the cost of making sodium by the metallurgical 
way, but, to do so, it must be manifest to all who are familiar 
with the past and present methods of manufacture that these will 
= 2: to give place to others operated on some radically different 
plan. 

My reasons for this opinion are briefly these : The cost of a metal- 
lurgical operation is largely affected by the scale of magnitude on 
which it is conducted, and where heat is required to bring about the 
needful reactions, by the economy with which it is applied to effect 
the result, and if it be a furnace process, whether the operation is 
continuous or intermittent. 

The capacity for production of a metallurgical plant increases in a 
much greater ratio than the item of labour cost ; so that in such cases 
the doubling or quadrupling of the output may be'accomplished with 
a correspondingly enlarged plant, with the aid of comparatively little 
additional labour. 

Where heat is the prime element in reducing the reactions—which 
is practically always the case—those who have experience with steam 
power plants need not to be told how seriously the economies of a 
mill or factory are affected by the choice and proper installation of 
boilers and engines. In metallurgical operations the limits between 
economy and wastefulness in'the application of fuel are much further 
apart. The question of economy, , ig materially affected by the 
manner in which the process is operated, 7,c., whether continuously 
or intermittently. A continuous furnace process, of which the blast 
furnace for producing iron affords us a typical example, realises the 
highest attainable economy, and wherever it may be found practicable 
to adopt this feature of operation, the cost of the output will be 
notably reduced over processes worked at intervals. 

mining the ium processes by the light of the foregoing 
statements, it will appear that none of them fully realises the con- 
ditions essential to the highest economy of operation. A few words 
of acritical nature upon the methods of Castner and Netto, which 
may stand for the most advanced sodium processes, will enable me, I 
think, to make it clear, in spite of the decided advance over previous 
methods which they exhibit, that from the metallurgical point of view 
they are very imperfect. 

Castner, for example, operates on a number of small charges, in- 
troduced into a group of steel crucibles about 18 inches wide and 24 
inches high, and capable of receiving a charge of 15 lbs. of caustic 
soda and a suitable quantity of the reducing agent. The arrange- 
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ments for removing a crucible from the furnace after its charge has 
been delivered, clearing it of the residuum, recharging and returning 
it to the furnace, permit these operations to be effected in about two 
minutes, so that the vessel still retains a good red heat when restored 
to its place for a second operation. The crucibles are heated by pro- 
ducer-gas. 

The theoretical yield of a single charge of the above-named quantity 
should be 8°62 lbs.; the actual yield in current practice at the 
Oldbury Works, near Birmingham, according to Mr. J. MacTear, who 
has reported the results of a very thorough examination of the 
process, is 2°5 lbs., or 29 per cent. A much larger yield, approxi- 
mating to the theoretical quantity has been obtained, but this cannot 
be realised in practice, because the extremely high temperature 
demanded for it would result in the rapid destruction of the 
crucibles. 

The great advantage of Mr. Castner’s process over older methods 
lies in the fact that by the employment of a special reducing agent 
(an intimate mechanical mixture of coke and carbide of iron) he is 
enabled to operate upon caustic soda, which may be reduced by 
carbon at a much lower temperature than the carbonate. The in- 
ventor has claimed that by this process the cost of manufacturing 
sodium on a large scale will not exceed 25 cents. per pound. Mr. 
MacTear has named the result of his experimental work at the 
Oldbury establishment 164 cents. (eight and a quarter pence). 

TI have no data at hand from which to determine how nearly either 
of these estimates is actually realised in current practice. I can only 
say that the price at which the product of the works is quoted on the 
market will yield the manufacturers 200 per cent. profit on the price 
named by the inventor. 

Dr. Netto’s process, in the opinion of competent judges, is the 
most economical method that has yet been put in practice ; neverthe- 
less, like that of Castner, it fails to realise, save in one important 
feature, the conditions of highest economy that I have assumed to be 
essential in a metallurgical operation. 

In order that the bearing of this criticism may appear, it will be 
well to present a brief description of the process for the information 
of those who may not be familiar with it. 

Dr. Netto uses a cast iron retort, about 3 feet high and 2 feet in 
largest diameter, lined exteriorly with fire-clay, and placed vertically 
in a furnace in which it can be heated to the desired temperature. 
The flames of the furnace, after passing around the retort, may be 
directed laterally so as to pass beneath an iron pot supported above 
the retort and to one side of it. 

This pot is supplied with caustic soda, kept in a state of fusion by 
the waste heat of the furnace, and provision is made for feeding the 
soda in a regulable stream into the retort at the proper time. In 
connection with the retort there is a condenser for the sodium, and 
also a trapped pipe at the bottom through which the accumulated 
carbonate may be allowed to pass out of the retort. 

The retort is charged at starting with 50 kilos (110 lbs.) of char- 
coal or coke, and when this has been brought to bright incandescence, 
the valve controlling the access of the soda is opened and the fused 
alkali is permitted to flow into the retort and upon the glowing 
carbon. The reaction begins at once, and the sodium, distilling over, 
is caught in the condensing chamber. 

The feed of the alkali is controlled by an attendant, who judges of 
the quantity to be admitted by the appearance of the flame of the 
gases, which burn at the outer orifice of the condenser. The process 
goes on continuously until the charge of carbon in the retort is nearly 
spent, the heat abstracted from it as the reaction proceeds being re- 
stored by the heat supplied to the exterior of the retort from the 
furnace, which is kept constantly fired. - 

When the carbon in the retort shows signs of exhaustion the flow 
of soda is checked, the retort is charged afresh with charcoal, and 
when this has been brought up to the right heat the operations just 
described are repeated. 

In Netto’s process, as in Castner’s, it is found necessary, in order 
to avoid the rapid destruction of the retorts, to maintain the tem- 

rature of the retort and contents only slightly above that required 

or the decomposition of sodium hydrate by carbon, which requires 
only a full red heat to deliver sodium freely, and has the cconomic 
advantage of permitting the use of crucibles or retorts of cast iron. 
The reaction of sodium hydrate, however, as I have already intimated 
in the consideration of Castner’s process, is not complete, but, accord- 
ing to the heat of the charge, and to some extent, perhaps, by the 
manner in which the component parts of the charge are brought into 
contact, a varying proportion of the hydrate is always converted into 
carbonate, which can only be decomposed at a temperature approxi- 
mating that of white heat. 

In Castner’s process the yield of soda, as we learned, is about 30 


’ per cent. of the theoretical; in Netto’s it amounts, according to the 


most reliable data I have at hand, only to 20 percent. It appears, 
therefore, that 80 per cent. of the sodium charged into the retort in 
the form of caustic soda is converted into carbonate. This carbonate, 
after the operation of the retort is once established, is permitted to 
discharge itself automatically through a — provided at the 

y treatment with lime, 
is ready to serve for another operation. 

The advantage of Netto’s process, as compared with Castner’s, lies 
in the fact that the former is continuous—at least approximately so— 
a feature which permits of a large saving in the cost of labour for the 
same amount of output, since it dispenses with the frequent with- 
drawal, cleaning out, recharging and returning of crucibles to the 
furnace, incidental to the latter; furthermore, the conditions under 
which the Netto process is operated are, other things being equal, 
more favourable to the economical use of the fuel. Nevertheless, sv 
thoroughly is every detail of the Castner process carried into prac- 
tice that the cost of production by the two processes is probably 


- almost the same. I have no possible information as to the actual 


cost of sodium by Netto’s process, but, if the selling price may be 
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considered as a reliable indication, the opinion just expressed is sub- 
stantially correct. 

It may be unwarranted, in the face of what has already been 
accomplished in this braneh of the chemical ind , to anticipate 
still further and greater advances in the direction of diminished cost 
of production, but the recent history of aluminium should prove a 
warning to him who may be inclined to play the ré/e of Sir Oracle ; 
and this warning applies, in my judgment, with special force to the 
sodium problem, as I will endeavour to show. ; 

As comparison is the most instructive form of illustration, I will 


ask your attention to the following parallel, by which I wish to 


exhibit how very wasteful the present representative processes for 
sodium appear; and, also by ones with other metallurgical 
» how far we should be able to improve upon them by the 
intelligent application of well-known principles ; to wit :— 
Starting from the reaction which most clearly represents what 
takes place in the retorts of Castner and Netto, namely :— 
3 Na OH + C = Na, CO; + 3H = Na, 
and, assuming that the partial conversion into carbonate of the 
sodium contained in the caustic and the liberation of only one-third 
of the metal at one operation, affords practical advantages on account 
of the moderate temperature at which the reactions take place, the 
following conclusions may be stated :— 
The molecular weight of the 4 Na OH in the preceding formula is 
120; that of the carbon 12 (or 10 to1). Assuming that the heat 
to cause the foregoing reactions to take place has been 


1 Ib. of carbon 10 Ibs. of caustic soda (con- 
5°75 lbs. metallic sodium) should yield— 

1°92 lbs. sodium metal and 

3°83 lbs. sodium in the form of carbonate. 


(The value of this carbonate should properly be credited by de- 
ducting it, less the cost of reconverting into caustic, from the cost of 
raw material. This credit will appear later.) 

As that portion of the reaction which results in the production of 
the carbonate is exothermic (i.c.,one which liberates heat), its in- 
fluence on the question of the heat involved may be ignored. 

One pound of carbon at the temperature of reduction yields in 
round numbers two ds of sodium. To this must be added the 
carbon necessary.to the retort and its contents to the reduction 
temperature, and to maintain it at that temperature while the re- 
action is taking place. The conditions of practice are so complex as 
to render any t! tical estimate of this factor of no value. We 
shall be quite safe, however, in eens as a guide the figures 
actually obtained in practice, in the reduction of another oxide with 
carbon, i.¢., the oxide of iron, the data concerning which have been so 
cape observed that we can hardly go astray. 

h modern blast furnace practice one pound of carbon suffices for 
the reduction of one pound of iron. e reactions in the iron 
furnace may be explained by ne, first, the formation of 
carbonic oxide by the union of the carbon with the oxygen of the 


blast, thus : 
3C +30=30C0; 


And the formation of metallic iron by the interaction’ of this carbonic 
oxide with the ore, thus : 
Fe, O; + 3Co = Fe, + 3 CO,. 

Whether this expresses correctly the course of the reactions within 
the blast furnace, or, whether the reduction of the oxide of iron is 
effected directly by the carbon is a matter of indifference for the 
purpose of my illustration, since the final result, i.c., the reduction of 
a metallic oxide by carbon with the aid of artificial heat, is the same 
in the case of both iron and sodium. 

Now, proceeding with the iron reaction, as I have previously done 
with sodium, theory requires that 36 pounds of carbon at a certain 
heat shall reduce 160 pounds of ferric oxide, yielding 112 pounds of 
metallic iron. One pound of carbon should therefore yield, say 
three pounds of iron. Now, one pound of carbon, it will be re- 


“membered, actually suffices for the reduction of sp gees of 
metallic 


metallic iron, or approximately one-third of the amount 
iron which theory demands. 

It follows, therefore, that for every pound of carbon usefully con- 
sumed in the reduction process two pounds of carbon are consumed 
in hea the charge or the furnace to the tem ure at which the 
reaction between the residual carbon and the ic oxide will take 


The comparison between the economy ised in the uction 
respectively of iron and sodium may now be instituted instruc- 
tive results. 
ously .pointed out, theory.demands that one pound of 

um 


From the figures of fuel consumption in the published accounts of 
Castner’s and Netto’s processes, I have been able to make the follow- 
ing estiméte, viz. :— j 
uel. 

Netto obtains 1 Ib. of sodium with a consumption of 11°6 lbs. of 


_ Averaging these results, it will appear that 1 lb. of carbon yields 
‘in practice ap one-twelfth of a pound of sodium, where 
theory demands 2 lbs. e conclusion is at hand, therefore, that of 
the 12 lbs. of carbon we for 1 lb. of sodium $} (or 11°5 Ibs.) are 
heating and maintaining the retort and its 

‘contents at the temperature of reduction. 
The iron furnace, as viously calculated, requires but 2 lbs. 
‘of duel for this -work ; ore the latter is approximately six 
‘times as economical in respect of heat utilised as the sodium fur- 


This comparison, I believe, is a fair one, and the conclusion is 
justified therefrom that, by the application of heat with the same 
economy that is realised in blast furnace practice, the cost of sodium 
could be reduced to about one-fourth of the present figures. 

Taking MacTear’s estimate of the cost of the Castner process, 
namely 8}d. (164 cents), and allowing 2} cents per pound as a 
standing charge for the caustic, the fuel saving indicated above would 
bring the cost of the metal to the very low figure of 5} cents per pound. 

Assuming, now, that we operate on an aluminous fluoride with the 
cheap sodium just obtained, the final —- will be aluminium 
metal and sodium fluoride. From the latter product, by a process 
like that of Herr Grabau, of Hanover, or by several other available 
processes analogous to it in general features, the aluminous fluoride 
almost chemically pure may readily be regenerated, thus offering the 
material for the continued operation of the reducing process, and at 
a cost, I feel assured, that will compare favourably with that of an- 
hydrous alumina prepared from beauxite, which is the source of the 

uminium manufactured by the electrolytic methods of Hall, Minet, 
and Herault. 

Furthermore, a simple series of reactions could readily be made 
available, by which not only the fluoride would be regenerated in the 
form of aluminous fluoride, but the sodium also would be recovered 
in the form of caustic soda, which last would furnish the raw material 
for the production of more sodium. 

Allowing for the unavoidable losses in operations of this kind con- 
ducted on a large scalé, it is not an extravagant estimate to assume 
that 75 per cent. of the sodium could thus be recovered after it had 
served the purpose of reacting on aluminium fluoride. 

The regeneration of the sodium by some such method as I have 
here outlined, I need scarcely add, would mean another notable re- 
duction in the cost of sodium metal, since it would mean supplying a 
large pera of the raw material needful in its manufacture at less 
than one- of its market price. 

As caustic soda represents very nearly 50 oy cent. of the cost of 
manufacturing sodium by present methods, the effect of such a saving 
as this would be to reduce still further the cost of the sodium opera- 
tion. Assuming that this item of saving represents one-fourth of the 
cost of manufacture, the figure previously named (5 cents) would be 
reduced to 3? cents. 

The realisation of these economic conditions on the industrial 
scale, of the feasibility of which I feel assured, would place the 
metallurgical methods again in a position to compete advantageously 
with the electric. 

On the basis of these facts and inferences let me present you with 
an interesting comparison. 

Capt. Alfred E. Hunt, in a lecture recently delivered before the 
Boston Society of Arts, gave an estimate of the probable cost of 
manufacturing aluminium by the electrolytic method practiced by 
the Pittsburgh Reduction Company, of which he is the head. This 
estimate is based on the assumption that the manufacture shall be 
conducted on a scale of much greater magnitude than at present, and 
with the cheapest source of power, namely, water power. . 

Apropos to this estimate of Capt. Hunt, I wish to remark that it 
has afforded me a most interesting subject for study, and I desire 
here to declare my conviction that it is in no single item rated 
on the side of economy. Respecting one of the figures named—that 
of the cost of water power—I entertained at first some doubts as to 
its accuracy, and to satisfy myself on the point I presented the 
inquiry to my friend, Prof. Coleman Sellers, an engineer of wide ex- 
perience, and_at present one of the board of consulting engineers to 
the Cataract Construction Company, which is engaged in the im- 

rtant work of utilising on a grand scale the water power of Niagara 


alls. 

I take the liberty of quoting to you from a letter which I received 
from him some data covering the subject of my question : 

“ Almost all the existing examples of water power are dependent 
upon accumulation of water in reservoirs created os dams 
across existing rivers and so accumulating water and distributing it by 
canal to the water wheels, as at Holyoke, Lawrence, and our own 
Schuylkill River. The water power, for instance, of the Schuylkill, 
and sold by the Schuylkill Navigation Company, was quite limited 
in its amount and is already exhausted, and it may be assumed to be 
somewhere in the neighbourhood of $30 or $35 per horse-power per 
annum for day use only. . 

“These water powers are generally sold either by day use or by 
24-hour use, and for the purpose of metallurgical reductions it would 
probably be required on the 24-hour basis. 

“The difficulty about getting at the cost of these water powers is 
the uncertainty of the continuance of the dams thatare built to retain 
the water. These are liable to decay and deterioration, and sudden 
freshets often destroy them entirely, involving heavy costs that are 
not known until the event occurs. The exceptional case of Niagara 
presents an absolutely unfailing water power that does not vary the 
year round. The difficulty in the way of its use, however, consists in 
the extreme width of the breast of the dam and the necessity for 

ing the water through a long surface canal to the lower chasm 
where it isto be used, or the digging of the tunnel as a tail-race to 
carry away the water that has been used from the wheels or other 
motors. 

“ A canal was built about 40 years ago which is still in use that 
carries about 6,000 H.P. to the lower river, but this amount of power 
has already been more than exhausted by users who availed them- 
= of it, and its further extension by that method would be very 
costly. 

“ The present scheme of utilising Niagara Falls by the company in 
which I am interested is by means of a tail-race tunnel under the 
town of Niagara, and the preliminary work now being done, when 
completed, in about a year, will throw into the market about 120,000 
H.P. that may be said to be absolutely permanent and endurable, and 
capable of being worked for 24 hours in the day. 
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“ Tt is premature to say what this 
but it is the only example I know of where water can be 
counted on as absolutely stable and not liable to any ce or 
delay, and where the price will be a low. 

“ T should think that you might ly say that it its the 
possibility of power being obtained at less than half of what it would 
cost in any other known case, taking into consideration all contin- 
gencies. Small amounts of power may be obtained from streams of 
water of a reasonable degree of stability and far away from existing 
markets as low probably as $4 or $5 per horse-power per annum, but 
this is subject to the risk before mentioned. 

“Tt is not alone the mere cost of water power that must be con- 
sidered, but in a case like this it is the continuance Ce pea ome J of 
the power that will give its value, and that power will be the most 
valuable that is liable to the least fluctuation either in quantity or 


cost. 

“ T do not think, however, that it will be safe for you to predicate 
the value of metal produced upon anything short of about $15 per 
horse-power per annum, for 24-hour power, and that in Bem f large 
quantities, whi perhaps $20 per horse-power per annum co 
all contingencies.” 

ing the estimate of.$20 per hemegonee per annum as sufficient 
“to cover ali contingencies,” we would have as the cost of one horse- 
power per hour 0°238 cents (or, say, about one-fourth of a cent). 

This would give for 22 H.P. 54 cents, and for 22 electrical H.P., 
allowing 10 per cent. for loss in the conversion, 6 cents. Captain 
Hunt allows 5 cents for his power, which, considering that the 
named by Prof. Sellers is obviously intended to be liberal, I feel 
satisfied is a fairone. This item of Capt. Hunt's estimate is the only 
one ting which I have at any time entertained any doubts, and 
I have so impressed in reading his admirable lecture, with the 
and acc' of his statements his evident desire 
avoid any suspicion of exaggeration, that I am quite prepared 
accept the other figures, which are based on the experience gained 
in the practical working of his company’s plant. _ 

Resuming the thread of my discourse after this slight digression, I 
beg your attention to the comparison to which I alluded. tain 
Hunt’s estimate of the capabilities of the electrolytic method of pro- 
ducing aluminium on the t scale is as follows :— 


By Tae MerHop. 
Cost of Producing One Pound of Aluminium. 
2 pounds alumina (contains 52°91 per cent. Al,), at 
3 cents 


1 pound carbon electrodes, at 2 cents me = 02 
Chemicals, carbon dust and pots’... ton bic 01 
22 E.H.P. for one hour (water power Se eos 05 
Labour and superintendence ... 03 
General expense, interest and repairs 

$0.20 


In presenting by way of comparison the possible figures of a metal- 
lurgical mo | conducted on the same extensive scale and on the 
lines of my previous comments and ——— I will assume that 
the cost of the last two items of the foregoing estimate will be the 
same, ab assumption which may be made with safety. 

Referring now to the preceding data, we will have— 


By THE Meruop. 
Cost of Producing One Pound of Alwminium. 
Al, F, (containing 32°7 per cent. Al,), at 


24 — sodium, at 3? cents 09% 
Labour, superintendence 03 
General expenses, interest and repairs 03 
Total $0.258 
I think that I have ted in the foregoing the capabilities of 


the sodium process within entirely reasonable bounds. I admit, 
however, that I have made the best possible showing for the metal- 
lurgical side, except in of the last two items, in connection 
with which metallurgical operations should show an appreciable ad- 
vantage over the electrolytic, and may bring the of the two 
estimates practically to an equality. 

The second available poe ey: named as a possible source of 

aluminium by chemical methods is the sulphide, including therein, 
of course, the double sulphide with sodium or other alkaline metal. 
I refer to it only because of the fact that its use for the purpose was 
originally suggested by one of the ablest chemical engineers of our 
day—the late Mr. Walter Weldon. Thus far, however, nothing has 
been accomplished with it, and, though it may be possibly made to 
serve to advantage in electrolytic methods, I am satisfied that the 
probabilities are very slight indeed that it will ever prove sufficiently 
useful as a source of aluminium to be able to compete with other 
chemical methods. 
_ Not only is its manufacture attended with unusual difficulties, but 
its reduction also, so far as I am able to judge from personal expe- 
nience, cannot be effected as readily as that of the chlorides and 
fluorides, and the resulting product is much less pure than that ob- 
tained from the other aluminous compounds just named. 

The sulphide, I believe, is much better adapted for the production 
of aluminium alloys than for aluminium, but the difficulty of 
obtaining the product free from serious contamination is probably 


power will inthe 


_I consider the case of the sulphide from the metallurgical point of 
view to be so impracticable as to be hopeless. 

The third aluminium compound with which the chemist may hope to 
make available as a source of cheaper aluminium is the oxide. Con- 
sidering the subject from the chemical standpoint, I am persuaded 
that the attack upon the problem which this compound, as a starting 
point, offers even greater possibilities of ultimate success than the 
sodium and fluoride method we have just passed over, and for the 
reasons that it involves the possible application of the cheapest of 
all reducing agents—carbon—in the production of the metal, and the 
employment of much more direct methods and simpler and less ex- 
pensive apparatus than is demanded by the method with sodium. 

The fundamental fact that alumina can be reduced to the metallic 
state by carbon is established. It is proved beyond peradventure b 
the operation of the electric furnace of the Cowles Bros., in whi 
heat, developed by the transformation of electric energy upon the 

ge of the electric current through a fragmental resistance ma- 

terial of carbon and alumina (with copper or other metal present 

as a solvent), is believed to be the principal agency in effecting the 

reduction. same action may probably take place, to some extent, 

in the operation of the Herault furnace, and certainly does so, if 

the statement can be verified that the output of this furnace is 
r than can be accounted for by simple electrolytic action. 

The reduction of alumina by carbon, therefore, may safely be stated 
to be simply a problem of temperature, and this temperature is pro- 
bably not far above the fusion point of alumina. This, unfortunately 
for the practicability of the direct reduction process, lies enormously 
high, so high, indeed, that it does not admit of instrumental measure- 
ment, but can only be approximately estimated as somewhere between 
2,000 degrees and 2,600 degrees C., a point which cannot be reached 
save by the intervention of electric heating. 

There is an alternative, however, that offers a ray of hope to the 
chemist. There are other methods besides that of fusion for obtain- 
ing aluminina in the state of a liquid. We have, at least there are 
very good reasons to believe that we have, solvents for alumina, and 
if the condition of fluidity is as important a factoras it is believed 
to be in inducing chemical reactions, we have the possibility open to 
us of establishing conditions favourable to the wiadien of alumina 
by carbon at temperatures perhaps far below the fusion point of 

‘lumina, 


The fluorides of the alkalies and the alkaline earths, we have reason 
to believe, dissolve alumina freely, and there are other compounds 
into which alumina enters that may be dissolved in the proper 
menstrua. 

Here is the vulnerable spot in the armour with which that intract- 
able substance is surrounded, and by concentrating his attack upon it, 
the chemist may yet succeed in piercing it. Whether by this mode 
of attack he will be able to produce aluminium directly, is gravely 
doubtful in the light of our present experience. I can only affirm my 
belief that the thing is within the range of possibility. On another 
point, however, I can speak more confidently, namely, as to the prac- 
ticability of producing the alloys of aluminium by some such method 
Of this I have not the slightest doubt. I will go even farther, and 
venture a prediction that in the near future the alloys of aluminium 
will be produced at least as cheaply by chemical methods as by the 
present electrical methods. 

I have now passed over the ground, though hastily, that I had 
——- out for my discourse upon this most fascinating technological 

roblem. I have thought that by presenting the aspects of the pro- 

lem from the chemist’s standpoint, the subject could be made more 
interesting to a representative body of electricians, such as the one I 
have the honour of addressing. 

Briefly summarised, the case stands thus: 

The process in which electricity is applied, either for the direct 
reduction of aluminium by electrolysis, or as the agency for producing 
the heat required to effect its reduction by chemical reactions, have 
outstripped the metallurgical methods in the race for supremacy, and 
have taken a decided lead. 

Within the past two years the metallurgical processes, as repre- 
sented by the improved methods of Castner, Netto, Grabau, and 
others of less renown, have been forced to abandon the field to the 
electrical methods of Hall, Minet, Cowles and Herault. 

In one brief lustrum to have overtaken and gained the mastery— 
though it should prove to be but temporary—over a champion so re- 
doubtable as the chemist, who has been striving for the glittering 
prize through half a century of toilsome progréss and indifferent 
success, is an achievement of which the electrician may well be proud. 
It behoves him, though, to look well to his freshly earned laurels, for 
his victory will stimulate his rival to renewed exertions. 

But let our sympathies incline this side or that, if the outcome 
shall be—and I am persuaded it will speedily be—the final solution 
of the aluminium apa we may rejoice in common, for in the 
pr pes A. peace the vanquished share with the victors in the spoils 
of battle. 


JOURNALISTIC AMENITIES. 


THERE are two ways of obtaining a reputation for being 
always right. One is by always being right: the other is. 
by never being wrong. The first is known as the positive or 
direct method; the second as the negative or inductive 
method. To most mortals the first is denied, and as success. 
in the second must needs imply a career of passivity and com- 
parative uselessness, it is not difficult to understand that a 
reputation for being always right is one not eagerly sought. 
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At times it falls to the lot of editors to praise or to con- 
demn ; to prognosticate failure or success ; to recommend or 
warn. Sometimes they.do so on their mere ipse dizit. 
Sometimes they give facts which are capable of analysis, and 
reasons which enable their readers to estimate for themselves 
the value of the conclusions reached. As editors are but 
mortal, their forecasts do not always turn out right. 

We are prompted to these reflections by an article in our 
esteemed contemporary Jnvention, which is pained at the 
attitude we have assumed, not only towards the Elmore 
copper process, but also the various Elmore Companies— 
an attitude which it calls “most defiant and obstructive.” 
Happily Jnvention does not wish to include us in the same 
category as journalists who are ignorant, or journalists who 
have a “ bear account ;” but, our “general conduct towards 
everything of an Elmore nature is certainly inexplicable.” 

Failing to find facts or arguments to oppose to our 
views, our contemporary is driven to kindly show us we 
need not fear that we have the unfortunate reputation 
of being always right. Jnvention says we haye already 
been in error on more than one occasion, though it 
will only mention one. Our article of April 25th, 
1890, on the Ferranti mains and the Deptford station 
is compared with our article of May 8th, 1891, on 
the same subjects. Attention is more particularly drawn 
to a sentence in each. In the first we asked whether 
all the engineers were not learning the lesson of bitter expe- 
rience which all poms enthusiasts must acquire. In the 
second we stated that we could not withhold praise from the 
manner in which almost insurmountable difficulties had been 
overcome. 

It is easy to be consistent at the expense of fairness. It 
is possible to prevent the publication in parallel columns of 
a criticism and a correction by failing to correct. These are 
well-known principles in journalism, but we have to thank 
our contemporary for making it apparent that they are not 
the ‘guiding principles of the ELECTRICAL REVIEW. 

We may now come to the consideration of the particular 
points raised by our contemporary. It says that our attitude 
is inexplicable. Our articles contain their own explanations. 
It says we have attacked the Elmore Company in every pos- 
sible manner, and at every opportunity. Phere are two wa 

stating one fact. What appears to /nvention as “ attack- 
c the companies may also be stated as defending the 
lic. That we have seized every opportunity of doing so 
is quite true, and in pursuance of an intention early ex- 
pressed. It is with the same intent that we now devote 
our space toa notice of our contemporary’s article—for it 
is an instance of an attempt to prop up the Elmore 
concerns at second hand. “ Having made one error, is it not 
ible that the E.xorrica, Review has also misjudged 
the merits of the Elmore process?” asks Jnvention. We 
should say that it is certainly possible previous error or no 
previous error. But we regret to say that our views of the 
subject are certainly a by the fact that attempts 
at any demonstration of their incorrectness have ceased, and 
reliance is placed on a supposed error of ours in one instance, 
by which it is sought to minimise the value of our statements 
in another. The Elmore interests have had sundry defen- 
ders before—from Mr. Peck to the Financial News and on to 
Truth. Not one of them has given any tangible reply to 
our criticisms, though all have made out some plausible case. 
None have taken so inconclusive a line of argument as our 
contemporary except one of the Messrs. Elmore who struck 
the same key note when he reminded us in a letter which we 
published that we had at one time “ boomed” a certain 
engine. In our editorial columns we showed the value of 
that reminder, and it may not be out of place for us to make 
a few remarks on the later instance. 

Tn our issue of May 8th, after’ an inspection of the Dept- 

ford station, we expressed the opinions which Invention 

uotes, and much more besides. Jnvention calls it “ climb- 
ing down.” -When the Elmore Company can show us work 
accomplished such as was shown us by Mr. Ferranti between 
the dates of our two articles and in the face of similar diffi- 
culties we shall be happy to give them similar credit. When 
the promises of the Elmore prospectuses are fulfilled we shall 
take the earliest opportunity of making reparation of a 
strength and definiteness proportional to the strength and 
definiteness of our criticisms. There is no reason why such 
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~'"2"amendés should be a surprise in journalism any more than 
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in private life. We have no wish to detract from the force 
of the praise which we were constrained to give to the 
Deptford system, but we have equally no wish for it to be 
interpreted too widely, and we would remind our contem- 
pease” that controversy on the Deptford system was not a 
cl book on May 8th, 1891, and is not a closed book yet. 
In the extract which it gives from our columns there is a 
reference to high voltages and practical tests for duration. 
It is early yet to say that our main criticisms have been 
shown to be incorrect. ‘ 

But what does our contemporary mean by its. conclyd- 
ing — “There is an old saying, ‘Give me a 
trial,” and this is very applicable to the Elmore process, 
which will probably effect a complete revolution in the copper 
trade. By all means let the process have a fair trial, and it 
will doubtless give a good account of itself:” Are we to 
understand that the process is not having a fair trial ? 
We had hoped for the sake of the shareholders 
that there might shortly be some proofs of progress, 
some tangible results which might speak for them- 
selves, and make the public less dependent on those 
publications which retail official information of a vague 
character, with an accompanying recommendation to buy the 
shares. These are the “attacks.” Our articles are the 
defence. They will continue as long as the “attacks” con- 
tinue, though we certainly regret that so many occasions are 
offered us for giving prominence to the subject. ; 

By all means let the process have a fair trial, but let the 
ublic have a fair field too, and don’t approach them with 
alf-traths or supposed advantages, the exact meaning of 
which they are unable to appreciate. 

We commend to our contemporary the diligent searching of 


_our columns with a view to support its contention by a real 


instance of error of judgment. We cannot always be right, but 
we can always try to be right, and we do. It will, we think, 
find no strong criticisms without a substantial foundation, a 
useful purpose, or a due sense of the responsibility incurred, 
and it will find innumerable instances - readiness to pre- 
sent both sides of a case, and ample corrections when our 
views have been proved to be wrong. 


NOTES. 


Larne Lighting.—The seaport of Larne has been lighted 
by electricity. This is the first town in the north of Ireland 
which has adopted the new system of lighting. 

Brussels Electric Lighting.—The municipal council 
of Brussels has offered prizes. of £40 and £20 for the two 
best designs for poles to be used in the electric lighting of 
the Grand Place at Brussels. 


Ship Lighting.—The Retribution—one of the second- 
class twin screw cruisers, provided for by the Naval Defence 
Act—was launched by Messrs. Palmer’s Shipbuilding Com- 
pany on 6th inst. A complete installation of electric light 
is fitted, including three powerful search lights. 


Electric Lighting at Christiania.—The specification 
for lighting Christiania by electricity is out, and is just what 
a specification ought to be. It is translated into various 
languages, and the authorities have thoroughly designed 
their station themselves. This station is, to have 24,000 
lamps on the low pressure direct current three-wire system. 


Obituary.—We regret to announce the death of Mr. 
Edward Gilbert, late manager and secretary of the Dundee 
and Arbroath Joint Railway, which occurred last week. 
Mr. Gilbert was well. known in connection with the 
shilling telegraph tariff, which has since been superseded 
by the sixpenny rate. When Ja desired a telegraph 
system, Mr. Gilbert superintended the construction and 
working of the Japanese wires, and his management of a 
tolerably elaborate local service gave general satisfaction in 
Dundee as well. The funeral took place on Friday, 14th 
inst., when there was a 4 attendance of gentlemen repre- 
senting the Caledonian and, North British Companies, as well 
as a number of other persons of importance. 
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Proposed Electric Light for Cork.—The directors of 
the Cork Gas Consumers’ Company contemplate seeking 
powers to supply electric light as well as gas. 

The New Anglo-German -Cable.—The first. telegrams 
over the new wires were dispatched to the Emperor William 
and to Queen Victoria. Congratulatory messages were also ex- 
changed between Dr. Von Stephan, the German Postmaster- 
General, and Mr. Raikes. 

The Electric Light in the Ball Room.—Visitors to 
Southsea have expressed surprise that the fine pavilion on 
the Clarence Esplanade Pier is not illuminated by means of 
the electric light. A committee of the Portsmouth Town 
Council are pursuing enquiries. with a view to the early 
introduction of the electric light into Portsmouth. 


An Electrical Loss of Power.—A telegram from Port- 
au-Prince states that the cause of the resignation of the 
Haytian Cabinet, on Friday last, was the failure of the 
Chambers to grant the desired concession to construct the 
telegraph fine. The Cabinet made this a Government 
question. 


Reduction in the Price of Aluminium.—The Alu- 
minium Industry Company, of Neuhausen, near Schaffhausen, 
has made known through its agents here that the price of pure 
aluminium has been reduced as follows :—No. 1 qualit 
(98 to 99} per cent.), 4s. 54d. per Ib., and No. 2 (95 to 9 
per cent.), 3s. 63d. per Ib. A proportionate discount is 
allowed on the sale of quantities. 


Electric Tanning.—We note that the letters patent for 
the Worms and Balé process of rapid electric tanning in 
Great Britain and Ireland, belonging to the British Tanning 
Company, Limited, which received an adverse decision in 
the Chancery Courts last January, have been restored by 
a special Act of Parliament, receiving the Royal Assent on 
July 28th, 1891. The company is now open to grant 
licenses to any persons desirous of using the process, 


Electric Lighting in Manchester.—The electric lighting 
sub-committee appointed by the gas committee of the City 
Council have had under their consideration the reports of 
several consulting engincers as to the proposed installation of 
the electric light in Manchester. They have decided to 
recommend the appointment of an clectrical engineer whe will 
advise as to the best system of lighting to be adopted, and will 
also superintend the operations of the contractor whose tender 
may be accepted for the work. The sub-committee recom- 
mend that the “ lower pressure ” shall be adopted, but further 
details of the scheme will be arrived at after the engineer 
has been appointed. 

Completion of the Lauffen-Frankfort Plant.—On 
Saturday last week, Messrs. Siemens and Halske .and the 
Oerlikon Engineering Works fulfilled their obligations in 
regard to the projected electrical transmission of 300. H.P. 
from Lauffen to Frankfort. Our readers will remember that 


these firms undertook to have ready for working by August - 


15th the whole of the plant, both at Lauffen.and at Frank- 
fort, and a heavy fine was to be imposed if the installation 
was not completed by that date. On Saturday the plant was 
handed over to the Exhibition Committee, and it is this 
week being tested by Government officials, and it is expected 
_ to be formalty started next week. The copper wire, weighing 
~ 60 tons, was supplied’ by Messrs. Hesse and Sons, arid the 
double fluid insulators come from Messrs. Wingenroth, of 
Mannheim ; to fill these, 1,600 Ibs. of oil will be necessary. 
The eyes and minds of the electrical world will now be directed 
to this gigantic experiment, which, it is to be hoped, will turn 
out successfully. The German Imperial Chancellor takes 
great interest in this exhibit, and he has ordered special 
reports to be made upon the tests with this method of power 
transmission. In all probability a special commission will be 
appointed by the Chancellor under the presidency of Mr. 
von Helmholtz, who has requested Dr. Léwenherz, Dr. 
I.ummer and Dr. Brodhun to assist him. Prof. Dietrich, of 
Stuttgart, and Prof. Welicr, of Zurich, are already busy with 
preparations for tests.on behalf of the scientific committee 
“ppointed by the Exhibition authorities, = 


New York Lighting.—It is stated that on or before 
ros aot 15th, the town electric light is promised to be 
turned on. : 


Water Power in Baden,—The Strassburger Post hears, 
on good authority, that a company has been formed to 
acquire in the en province all the available water- 
courses which can be utilised in the near future for the pro- 
duction and transmission of electrical energy. Numerous 
mountain streams are referred to as being likely to be used. 


Electric Lighting in Dublin.—A special meeting of the 
Corporation was held on Monday last for the purpose of 
authorising the council to apply to the Board of Trade for 
a provisional order to replace the license of May 3rd, 1889, 
empowering the Corporation to supply electricity for public 
purposes, and that of June 24th, 1890, to supply for private 
purposes, and to embrace both these licenses and their 
objects. 

The Lynton Electric Light.—The Ilfracombe Gazette 
states that the Lynton electric light works have just changed 
hands. Mr. Green expended a large sum on the plant, and 
the light, on the whole, gave satisfaction both in Lynton and 
Lynmouth. Mr. Benn, the new owner, is said to be an elec- 
trical engineer of experience and ability, and that he intends 
to extend the works and lay down accumulators, so that the 
light may be always available. 

Extension of Telephones in Kent.—Since the amal- 
gamation of the South of England Telephone Company 
with the National Telephone Company, the system has 
been further extended through Kent. It is stated that 
Dover and other towns will be in telephonic communica- 
tion with London in less than 12 months. The line 
is being worked down from the London end, and has now 
reached Erith, from whence it will cross the Thames to 
Gravesend, from there to Chatham and from thence to Maid- 
stone. The branch line to Minster is now being constructed, 
and will soon be completed. Mr. Burden, the company’s 
district manager, is supervising the work. 


The City Lighting.—A correspondent of the City Press, 
signing “ Vigilans,” writes as follows :—“ May I through your 
columns call the engincer’s (Commission of Sewers) imme- 
diate attention to the two standard posts for the above light- 
ing that have just been fixed, one at the corner of Leadenhall 
and Bishopsgate Streets, and the other at the east end of 
St. Peter’s, in Gracechurch Street. The side paths in beth 
instances were narrow enough for pedestrian traffic, but now 
half the space has been blocked up by these hideous bases 
and standards. No other citizens in the world would, I 
believe, tolerate for one moment such monstrous obstruct ions 
in the midst of such busy centres of commerce.” . 


Amor Patriw.—The South Wales Daily News has the 
following inspired notice (not an advertisement) of the 
gentleman who rejoices in the name of “Walker,” and 
who, as everybody knows, keeps strictly to his “cardinal 
principles.” “The British Association is among us taking 
notes. We have our electrical engineer Mr. 


“Walker, of the Cardiff Electrical Works, Severn Road. At pre- 


sent there is being exhibited at the town depot of the firm, 32, 
Castle Street, a dynamo-electric machine made on the latest 
modern lines, and quite equal to anything that has been pro- 
produced in any other metropolis, whether on this side of 
the Atlantic or the other. Mr. Walker claims that it is he 
who has educated South Wales in electrical matters, and 
while he would not follow London engineers in’ their craze 
for the saving of a few pounds of coal, unless it could be done 
without sacrificing what he terms cardinal principles in tlfis 
matter, viz., simplicity and strength; now that a certain 
knowledge of the subject has been acquired by those who use 
the apparatus, he is ready to show that Cardiff can compete 
with the rest of the world in this as in other matters. Mr. 
Walker claims, however, that even in this latest design lhe 
has not sacrificed his cardinal principles. lis machine is 
still, as anyone who sees it will say, simple and strong, and 
he. hopes that he may have the support of those among whom 
the past ten years of his life have beem spent, and for whose 
educational benefit in electrical matters he has so persistently 
worked.” Finis Coronat Opus. 
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are informed that Mr. 
resigned hi ition as assistant engineer essrs. 
Crompton & on ae has joined Mr. J. G. W. Aldridge, 
consulting engineer, of 9, Victoria Street, and Southampton. 


Bradford Town Hall Lighting.—At the last meeting of 
the Bradford Town Council a resolution was adopted accept- 
ing the tender of Mr. Wilson Hartnell for the providing and 
fixing of fittings required in the lighting hy electricity of 
rooms in the municipal buildings for the sum of £630. 

Queenstown Electric ting.— At the adjourned 
meeting of the Queenstown Commissioners held last week, 
Mr. Doran stated that it was his intention at the next 
monthly meeting to move that the Commissioners advertise 
for the lighting of the town by electricity, and tenders be 
invited for the public lighting for a period of five years. 


Newcastle Electric Lighting.—At a meeting of the 
City Lighting Committee, held on the 13th inst., nearly 20 
additional lamps were ordered to be placed in the Arthur's 
Hill district, mainly for the back streets and lanes. Four 
new electric lights of 1,500 candle-power were ordered to be 


_placed elsewhere. 


Electric Lighting at Brixton.—Electric Lighting has 
a firm hold in the neighbourhood of Brixton Railway 
Station, London, 8.W. All the leading of business 
near the station are lighted by electricity, and the latest 
addition to their number, the handsome and spacious 
Bonanza Company’s premises, on the north side of Brixton 
Road, is similarly — in every department. The 
Bonanza is a kind of “ Bon Marché” for comestibles of all 
kinds, and is under the management of Mr. Saunders, who 
introduced the electric light into the well-known Bon Marché. 


Electric Lighting in St. George’s, Southwark.— 
The London Electric Supply Corporation, Limited, is very 
busy at the present time laying down its mains in the above 
parish, but other companies have intimated to the vestry, 
that it is their intention to apply to the Board of Trade for 
een. pee At thé last meeting of the vestry a letter 
was from the County of London Electric Lighting 
Company, Limited, of 1, Great Winchester Street, E.C., 
giving notice that on or before December 21st next they 
-should move the Board of Trade for permission to supply 
electric energy for public and private purposes in the. parish, 
and a similar notice was received from the Camberwell and 
Islington Electric Light and Power Supply Company. The 
vestry took no action on either letter. The London Electric 
Supply Corporation, Limited, has applied to the vestry for 
an order to supply the Vestry Hall with the electric light, 
which request will 
the recess. 


More About Elmore Copper.— A good deal of ignorant 
or bi nonsense has been printed on the position of the 
Elmore Companies since I recently drew attention to them.” 
So says 7ruth. How true that statement is we have shown 
in previous issues, but we think “ignorant or biassed non- 
sense’ a very mild term to apply to what follows :—“I 
omitted, when briefly giving an outline of the Elmore pro- 
cess, to mention a material advantage by it over 
other processes. In its working the gold and silver usually 
contained in copper is se from the baser metal, and 
remains at the bottom of the tanks. Special marks of copper 
contain larger proportions of the precious metals, and can 
all the same be obtained at the current market price. I 
have it on Mr. William Elmore’s authority that he has 
obtained gold and silver (chiefly the latter) to the amount of 
£10 per ton of copper, and it will be seen that, in the case 
of an output of 20 tons per week, an extra profit of £200 
per week would, on this basis, be available with proper 
selection of ‘the copper utilised.” 
with the information we asked for, but says that: “An 
electrical contempo makes my remarks the subject of 
verbose comment.” it is remembered that the Elmore 
process is an electro depositing process, and that the gold and 
silver is common to any electro depositing process, it happily 
does not need very much verbosity to characterise the above 
‘Seonet nonsense, whilst the eztra profit will no doubt serve 

purpose for which it must bedesigned. Poordeluded publie ! 


considered at the first meeting after - 


Truth does not favour us | 


The Société Faure-Sellon-Volckmar.—This company, 
says a French company, is either about to be liquidated or 
converted, and M. Julien, “of the too famous Brussels elec- 
tric tramway, will absorb the undertaking.” 


Electric Lighting at Knowsley Hall.—The Earl of 
Derby is arranging with the Insulated Wire Manufacturing 
Company to supply electricity for the purpose of lightin 
Knowsley Hall and the buildings and gardens connec 
therewith. It is estimated that about 1,000 lights will be 
required. The hall is at present lighted by gas. 


Hampstead Electric Lighting.—The Hampstead V: 
has resolved to apply to the Board of Trade for a 0 Nema 
order authorising it to introduce electric lighting for public 
and private purposes into the borough of Ham . The 
Vestry has, however, not yet decided whether to carry out 
the lighting itself, or to place it in the hands of a company 
on contract. 


The Old Students’ Association.—A garden party will 
take place in the grounds at Glebe Lodge, Champion Hill, 
S.E., on Saturday afternoon, September 5th, from 3 p.m. to 
7 p.m., by the kind permission of C. H. W: Biggs, Esq. 
Tickets may be had of Mr. W. B. Esson, 20, St, Mark’s 
Villas, West Hackney; Mr. C. E. Holland, Technical 
College, Finsbury, E.C. ; and Mr. Reginald Jones, Hon, Sec., 
88, Queen Victoria Street, E.C. 

G w Lighting.—At the last meeting of the Glasgow 
Town Council the matter of electric lighting was brought 
forward. The motion, however, was postponed for a month. 
Councillor Bell, as Convener of the Corporation Electric 
Light Committee, seemed to indicate that they can make no 
oes until they have a personal consultation with Sir 

illiam Thomson on some important points. But Sir William 
has gone to Madeira on (it is said) a two months’ holiday ! 


Edinburgh and Electrical Tramways.—Mr. R. Addi- 
son Smith, 8.8.C., Edinburgh, and Mr. Holroyd Smith, 
electrical engineer, London, have opened negotiations with 
the municipal authorities of Edinburgh for the purpose of 
introducing the electric system of propelling tramcars into 
the city. The proposal is under consideration. 

Electric Installation and Maintenance Company. 
Limited.—The primary objects of this 

o suppl 


for 
its issue of new shares are stated to be: (1) y; 
by means of electric motors, the horse-power required 
by exhibitors at the forthcoming Electrical Exhibition 
at the Crystal Palace in the ensuing winter; and 


(2) To supply electricity for light and power 
to the Crystal Palace. and district it, 
under the powers contained in the visional order 
rs to them last year, and duly confirmed by 
arliament. The capital is £100,000, divided into 10,000 
shares of £10 each, of which 626 shares have been already 
allotted. An issue is announced of 6,000 shares of £10 
each, 1,124 of which will be allotted as fully paid up to 
Messrs. J. E. H. Gordon and Company, Limited, the con- 


tractors, in part payment of the works. The subscription 
list is now open. 


establishments, and others are in progress at the contol 
and 


| 
3 
- Private Telephone Installations on a Large Scale. 
—The Universal Telephone Company has recently fitted up 
7 the Royal Italian Opera House, Covent Garden, for Sir 
a Augustus Harris, with 50 telephone stations, all inside the 
oa theatre, and are now fitting up the Theatre Royal, Drury 
Lane, with a like number, and Sir Augustus’s private house at 
a St. John’s Wood with five stations, including one to his stables. 
i A trunk line joins his house with Drury Lane Theatre, and 
? another joins Drury Lane to Covent Garden Theatre, thus 
7 enabling him to communicate from either his private house at 
Ba St. John’s Wood, Drury Lane, or Covent Garden, te any one 
, of the remaining 104 stations. The length of wire used 
i exceeded 50,000 feet. Large installations have been fitted 
the same at_ Messrs. and other 
7 : either sell private limes outright, maintaining them after- 
q wards at a small annual change, er let them at yearly rentals. 
4 
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New Firm.—Messrs. Mackenna, Macfarlane & Co., have 
commenced business at 59, Southwark Bridge Road, as 
engineers and oil and general merchants. r. Mackenna 
was for a long time with the late Mr. W. T. Henley, and 
more recently with some of the large electric lighting and 


engineering companies. 


NEW COMPANIES REGISTERED. 


British Electro-Chemical Agency, Limited.—Capital 
£75,000 in £10 shares, of which 2,500 are “ vendor's shares.” 
Objects : To enter into an agreement in the terms of a draft 
expressed to be made with the Electric Construction Cor- 
poration, Limited, providing for the sale to the = of 
the patents or patent rights referred to in the said agree- 
ment ; and to purchase or otherwise acquire and develop any 
other inventions relating to electricity, or its production or 
application, or to any electrical, chemical, electrolytical or 
electro-chemical process or manufacture. Signatories: J. 
Ebbsmith, Worcester House, Walbrook, E.C., 500 shares ; 
J. Pender, J.P., Thorne Hill, Rugby ; J. B. Verity, 31, King 
Street, Covent Garden ; Sir Henry C. Mance, Kt., Bedford ; 
T. Parker, Newbridge, Wolverhampton ; J. Balfour, Savoy 
Hill House, W.C. ; J. Spencer Balfour, J.P., Whitehall Court, 
S.W., the last six subscribers taking one share each. The 
number of directors is not to be less than three nor more than 
seven, the first being J. Ebbsmith, J. B. Verity and J. 
Balfour. Qualification £250. Remuneration of J. Ebb- 
smith, as chairman, £1,000 per annum; that of other 
directors to be as follows—for each year in which less than 5 
per cent. is paid on the ordinary paid-up capital £150 each per 
annum ; for each year in which morethan 5and less than 10 per 
cent. is paid £300 per annum each ; and when more than 10 
per cent. is paid £600 each per annum. Registered on the 
11th inst. by Bonner, Wright, Thompson & Co., Ingram 
House, 165, Fenchurch Street, E.C. 

Anders, Elliot and Chetham-Strode, Limited.— 
Capital £5,000 in £1 shares. Objects: to acquire and 
carry on the business of electrical engineers and manufac- 
turers of telegraphic and telephonic apparatus and appliances, 
hitherto carried on by Anders and Elliot at 10, Bush Lane, 
Cannon Street, and Penarth Street, Old Kent Road; and to 
carry on the busiziess of a telegraph, telephone and electric 
light, heat and power supply ee in all its branches. 
Signatories (with one s each), H. Austin, 74, Herne 
Hill Road, S.E.; W. E. May, 45, Fulham Park Gardens, 
S,W.; E. Cox, 21, Howard Road, W.; G. H. M. Baker, 
244, Regent Street, W.; C. H. Elliot, 27, Croydon Road, 
Elmer’s End, 8.E.; W. Chetham-Strode, 3, Waldegrave 
Road, Upper Norwood; R. King, 3, Old Serjeant’s Inn, 
W.C, e number of directors is not to be less than two 
nor more than three, the first being the last three signatories, 
the first two of which are the managing directors. Qualifi- 
cation £1,000. Remuneration of ordinary directors, two 
guineas for each meeting attended by him. Remuneration 
of managing directors, £200 per annum each. Registered 
on the 11th inst. by E. J. Moeran, 89, Chancery Lane, W.C. 
Office, 10, Bush Lane, Cannon Street, E.C. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Bournemouth and District Electric Supply Com- 
pany, Limited.—An agreement, filed on the 12th inst., 
made the 7th inst., between the above company and the 
Brush Electrical Engineering Company, Limited, states that 
the purchase price of the properties to be purchased by the 
first-named company, fixed by a former agreement made 
between the same jes on June 4th, 1891, at £17,275, 
either in cash or fully paid up shares, has now been determined 
at 3,155 fully paid shares of £5 each, and the balance in 

by the purchase; and on or before August 15th, 1891, 
the said shares, numbered 1 to 8,155, are to be allotted, and 
the balance of £17,275 in cash to be paid to the vendors or 
their nominees. Office, Observer Chambers, Albert Road, 
Bournemouth. 

Edison and Swan United Electric Light Company, 
Limited.—The annual return of this company, made up to 
the 4th inst., was filed on the 10th inst. The nominal 


capital is £1,000,000, divided into 150,000 “A” and 50,000 
“B” shares of £5 each. 89,261 £3 paid “A” s 
17,139 fully paid “ A” shares, and 23,564 fully id “B” 
shares are taken up, and on the £3 paid “A tena 10s. 
r share has been called and paid, amounting to £44,630 10s. 
he total amount agreed to be considered as paid on 89,261 


“A” shares is £223,152 10s, on 17,189 “A” shares 


£85,695, and on 23,564 “B” shares £117,820, amounting 
to £426,667 10s. Office, 110, Victoria Street, S.W. 


Siemens Brothers and Company, Limited,—The 
annual return of this company, made up to June 30th, 
1891, was filed on the same day. The nominal capital of 
£500,000 in £100 shares, all of which are taken, and £85 
called upon each. The calls are all paid, amounting to 
£425,000. Office: 12, Queen Anne’s Gate, S.W. 


Exchange Telegraph Company, Limited.—The annual 
return of this company, made up to the 12th inst., was filed 
on the 13th inst. The nomina capital is £246,250, divided 
into 8,125 “A” and 16,500 “B” shares of £10 shares; 
8,125 “A” and 16,200 “B” ehares have been taken up, and 
upon 6,000 “A” shares, £8 per share has been called and 
we Upon the remaining “ A” shares, £8 per share has 

n considéred as paid, and upon the 16,200 “ B” shares, 
the full amount-has been considered as paid. The calls 
paid amount to £48,000, and the sum considered as paid is 
£179,000. Office: 17 and 18, Cornhill, E.C. 


Telephone Company of Austria, Limited, — The 
annual return of this company, made up to the 13th inst., 
was filed on the 14th inst. The nominal capital is £200,000 
in £5 shares ; 19,061 shares have been taken up, and upon 
7,508 of these the full amount has been called, while upon 
the remaining 11,553 shares the full amount has been con- 
sidered as paid. The calls paid amount to £37,540, and 
£57,765 is considered as paid. Office, 53, New Broad 


_ Street, E.C. 


Shropshire Electric Light and Power Supply Com- 
pany, Limited.—By a special resolution passed on the 2nd 
and confirmed on the 27th ult., the capital of the above com- 
pany has been increased to £25,100 by the addition of 100 
£1 founders’ shares (filed 13th inst.). Office, 9, The 
Square, Shrewsbury. 


Akester Electro-Motor and Accumulator Company. 
Limited,—The annual return of this company, made up to 
the 11th inst., was filed on the 13th inst. The nominal 
capital is £5,000 in £1 shares. All the shares have been 
taken up, and on £1,500 shares 16s. per share has been called, 
the remainder being considered as fully paid. The calls paid 
amount to £1,253 8s. and unpaid to £46 12s. Office, 36, 
Great James Street, Bedford Row, W.C. 


Eastern and South African Telegraph Company, 
Limited,—The annual return of this company, made up to 


the 30th ult., was filed on the 12th inst. The nominal 


capital is £600,000 in £10 shares, all of which are taken 
up, the full amount called and all calls paid. The Eastern 
Telegraph Company, Limited, are responsible for 58,993 
shares. Office, Winchester House, E.C. 


Electrical Engineering Corporation, Limited (wind- 
ing up).—The office of this company is now situate at 58, 
Coleman Street, E.C. 


Babcock and Wilcox, Limited (boilers for electrical 
urposes). The office of this company is situate at 114, 
Street, E.C. 


The Campbell Gas Engine Company, Limited.—The 
annual meeting of the shareholders of this company was held at 
Halifax on the 29th ult., when it was agreed to pay a dividend of 10 

cent. for the past year and carry forward a considerable balance. 
msions are now being made at the company’s works which will 
enable them to become the second largest gas engine makers in the 
country. 


TRAFFIC: RECEIPTS. 


The Brazilian Submarine Commas Limited, The receipts for he 
week ending August 14th, amounted to 24,261. 

‘The City and South London Railway Company. Traffic receipts for the week 
ended August 16th, were £658 gross. 

weeks ugust 14t ucting 17 per cen’ gro 

payeble te the London Platine-Brasilies Company were 


d ; 
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SHARE LIST OF ELECTRICAL COMPANIES. 
Issued. hare. (August 13). (August 20.) 191. 
Highest. , Lowest 
250,0007| African Direct h, Ltd., Deb, oma to Besser 100 99 —102 
1,300,9807| An Limited Stock 43 — 44 473 433 
2,849,5102 . do 6p.e. — 834 85 — 86 83 
2,849,5107 Do. do. Deferred Stock — 10 10 — 10? 98 
130,000 | Brazilian Submarine imi 10 12} 123 12 
53,2007 Do. do. 5 p.c. Bonds 100 99 —102 99 —102 1012 
75,0001' Do. do. 5 p.c., Ind Series, repayable in June, 1906 .. 100 103 —107 | 103 —107 ee See 
77,9781 | Brush Electrical , Nos. 1 to 63,416 ... 3 2 2 2g— 28 28 se 
69,9967 Do. do. Non cum. 6 p. c. Preference, Nos. 1 to 69,416 2 1 2 2 143 | 14 
50,000 | City and South London Railway, Nos. 1 to 50,000... 10 3— 6 3— 56 
$7,716,000 | Commercial Cable, Capital Stock wee wwe | $100 105 —109 105 —109 108% | 108 
224,850 | Consolidated Telephone Construction and Maintenance, Limited :. 14/- uw a— 4 gat Penal 
20,000 Ltd, 7 p.c. Preference Shares, Nos. 1 to 20,000 Stock 4— 
16,000 10 10 — 10 — 11 xd 
Direct h Tel b, Limited #4 onl d 
6,000 Sani 10 p.c. Preference 1 94— 104 
60,710 | Direct United States Cable, Limited, 1877... 20 104— 103 103— 11 1 10 
400,000 | Eastern Limited, Nos. 1 to 10 14}— if 148 14% 14 
70,000 6 p.c. Preference ... 10 15 —1 15 — 154; 
200,0007 Be 5 p.c.-Debs. aero issue), y. August, 1899 100 106 —109 107 —110 ae tee 
1,200,000¢ 4 p.c. Mortgage De Stock | 107 —110 | 107.—110 1084 
250,000 | Eastern and China Telegraph, Limited 10 148— 143 148— 14] 14g 14,', 
73,3001|{ Do. 5 p.c. (Aus. Gov, Sub.), Deb., 1000, i } 100 103 —106 103 —106 104 
276,2001 do. Bearer Nos. 1 5 and 4 400 100 103 —106 103 —106 
320,0007 c. Debenture Stock 104 —107 105 —108 apes 
South African Telegraph, Ltd., 5 ¢. Mort. Deb. 1900 
136,000 | { } 100 | 102—105 | 102—105 | 103 | 102 
i" -180,4007 Do. do. to bearer, Nos. 2,344 to 5,500 ae 102 —105 102 —105 a be 
201,600/ Do. do. 4p. c. Mort. Debs. Nos. 1 to mnie, 100 98 —101 98 —101 
45,000 Electrio Construction, Limited, Nos. 101 to 45,100 . 10 44 44 4 . 
19,900 |*Hlectricit ppl Co. of Spain, Nos. 101 to 20,000... ... 5 44— 44— 5 
66,750 Frens Patent Copper Depositing Co., Ltd, Nos. 1 to 66,750 2 23— 23 2% 3 233 
70,000 | Elmore’s Patent ing, Limited., Nos. 1 to 70,000 ... 2 3 38 375 
I 67,385 | Elmore’s Wire Mfg., 08. 1 to 67,385, issued at 1 p.m., all 2 yw 1 1j— 2 13 1} 
. 20,000 | Fowler-Waring Cables, Nos. 301 to 20,300 ... (£4 10s. only paid) 5 2— 3 2— 3 “ wee 
180,227 | Globe Telegraph and Trust, Limited . 10 98 92 93 
Great Northern Tel. of Copenhagen 10 84— 
220,0007 Do. 5 p. c. Debs. (issue of 1883)... 100 106 —109 106 —109 oe am 
12,1347 Ordinary, Nos. to 14,000 10 8— 8 8— 
A 9,6007 Do. 7 p. c. Cumulative Preference, Nos. 2,667 to 8,000 10 10 — 11 10 — 11 eee 
41,600 Gutta P ph Works, Limited 10 19 — 20 19 — 20 198 | . 19} 
bes 25 — 41 4 — 43 42 
International tonal Ordinary 22,667 to 34,000 .. bide 10 es 
11,334 Do. Preference Nos. 5,667 to 17,000 10 of eee 
| London Platine Limited 10 64— 74 
100,000/ Do. 6 p. Debentures 100 107 —110 107 —110 
43,900 |*Metropolitan Blectsie Supply, Ltd., Nos. 6, 101 to. pai 10 — 10 103 10 
447,234/| National Limited, Nos. 1. to 438,984 5 43 44— 43. 4 
15,000 De p. c. Cum. 2nd Preference ... 10 124— 13 124— 13 
420,000/ p.c. Deb. Stock Proy. Certs. fully paid... . >| 105 —107- 105 —107 1065 | 1053 
6,318/| Notting Electric ghting Com Limited, £8 pai 10 34— 44 34— 44 
225,000/ | Oriental ‘Telephone, Ltd., Nos. 80,001 to 300,000 (11s. only paid) 1 ho — xt ” ee 
10,000 | Reuter’s Limited .. 8 8— 8— 8 
18,680 | St. James’s & Pall Mall Light Go, Ltd., Ord., 101—-18,780 5 7 74 7 
7,900 Do. do. per cent. pref. 2 4i— 4 
Pi 3,381 | Submarine Cables Trust Cert. | 117 —121 117 —121 ae 
78,949 | Swan United Electric Light, Limited .. - (234 only paid) 5 44— 5 44— 5 eee a 
37,350 | Telegraph posters and Maintenasce, Limited . - 12 43 — 45 42 — 44 44 43} 
150,0002 Do. do. 5 p. c. Bonds, red. 1894 | - 100 101 —104 101 —104 bal oad 
58,000 River Plate Limited 5 2— 83 1j— 23 
146,3707 45 c. Debenture Stock. | Stock 85 — 95 — 9% 
3,2007 De, TP. c. Debs., Nos. 1 to 1,000 ... 100 
15,609 | West African Tel Limited, os. 7,501 023,109 ... 10 8— 9 8— 9 
281,4002 Do. 0. do. Debentures: ... ... | 100 96 — 99 96 — 99 
30,000 | West Coast of America Telegraph, Limited | 3 
150,0007 Do. do. do. p. ¢. Debs., repayable 1902 - 100° 97 —102. — 102" 974 
 67,007/| Western and Brazilian Telegraph, Limited 15 11} 103— 11} 114 10} 
30,8647 Do. . do. ‘6p.c.Com. Preferred ... |. 7 7 7 64 
30,864/ Do. do. do.. 5p.c. Def ooo |-,. 43 
189,7007 Do. do. 6 p.c. Debentures “A,” 1916 100° | +102 —105 102 —105 103$ 
237,2007 Do. . ¢. Mort. Debs., “B” of '60, red. Feb., 100° «| 101 —104 101 —104 
$8,321 | West India ‘anama 10. -1g— 24. 1g— 24 
34,563 Do. 6 p.c. 1st Preference... | 10 10 — 104 10 — 104 
4,669 Do. 6 p.c.:2nd Preference ..,| 10 9 — 10 9 —10 
000 | Western Union ott 8. Tel., c. Ist (Building) Bonds $1,000 117 —122 117 —122 $e 
143,1007 Do. c. Sterlin ds .. 100 101 —105 101 —105 
42,853 “West minster Electric Supply Ord., 101 to 42,953 5 5h. 5 —54 58 


Bubject to Founders’ Shares. 


LatEst. PROCURABLE QtoraTioxs OF SECURITIES NOT OFFICIALLY, 


Ccmpany, Limited, (£64 —City of London Electrie Lighting (Pioneer), Shares uf £50, fully 


62.— Ordinary of £10 cach; £2 paid, 2.— 


ore’s Austrian Copper Depositing, 15s., 258., £2 issued at 10s. .prem., 


1—1}.—Elmore's Priorities, 33—44.—House to House y (eb pat) ly, £3 paid, 
Electric Supply Corporation, Ordinary (£5 paid), Manchester paid) 
— #.— National Telephone, Debentures, 24 — 3’ prem and Rawson of nd £5 10s. 28.—£5 


4 erence, fully paid Debentures 90—-96.—Wards Electric Car, £10 paid, 3—1. 
Rare ov Discounr.—2} per cent. (and July, 1891). 
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THE ELECTRIC TRANSMISSION OF POWER.*. 


. By GISBERT KAPP. 


Lecture Marcu 2np, 1891. 

As an example of a large modern transmission plant, I select, for 
illustration, that erec a few months ago for the Schaffhausen 
Spinning Mills. This example is not bee rer oom on account of 
its magnitude, but because it has been planted, so to say, into the 
very stronghold of rope transmission, namely, at the Falls of the 
Rhine, where the last generation of Swiss engineers carried out such 
admirable work in teledynamic transmission, that the present genera- 
tion can only copy, but cannot improve upon it. And the grand 
example set by Redtenbacher, Amsler, and others, on the Rhine has, 
as a matter of fact, been largely copied at other places. There is 
hardly a large engineering works in Switzerland or the south of Ger- 
many where rope transmission in some form or other will not be 
found, but the best days of this system are passed. Till recently, 
rope transmission held the field absolutely, not because it was perfect, 
but because there was nothing better. Now, however, we have some- 
thing better in electric transmission, and the flying ropes are being 

ily replaced. by the electric conductors. In the first place, the 


installation, with the exception of the hydraulic works, has been de-. 
signed by Mr. Brown, to whom I am indebted for the particulars I: 


now bring before you. The electrical part of the plant was made and 
erected by the Oerlikon Engineering Works. The line consists of 
four cables (each having an area of *437 of a square inch), and is sup- 
ported at four intermediate points, besides the supports at the ter- 
minuses. One of the intermediate supports is the old turbine house, 
which, in former times, was used in connection with the wire ro 
transmission ; the others are towers of iron framework, 46 feet high, 
one of which is shown to a larger scale in fig. 1. The span where the 
line crosses the river is 330 feet, and where it passes along the shore. 
of the river the. span is 430 feet. 


You may imagine that the proper support and insulation of cables 


of that size, and with so long a span, is a matter of considerable diffi- 
culty. The use of glass or earthenware insulators on a stalk, as 
employed for the support of telegraph lines and other light wires, is, 
of course, out of the question. We must have something very much 
more substantial, and this has been provided in the manner shown 
in fig.5. Near the top of each post there are bolted to the iron 
framework four of the boxes shown on this diagram: one for each 
line of cables. The inner box serves as a kind of junction or connect- 
ing piece between the cable ends, which are opened out as shown. 
Molten zinc is then run in, and surrounds every single wire, thus 


Scale of Feet 


capacity of teledynamic transmission to deal with large powers is 
limited. During last Pd the Niagara Commission inspected a large 
number of plants in Kurope, and came to the conclusion that 330 
horse-power is the very utmost which can be dealt with by a single 
rope, 80 that above this power we must employ more ropes with a 
corresponding complication in the gear. I need hardly say that no 
such limit exists in electric transmission. But there are other difi- 
culties in connection with ropes. They wear out very fast, their 
support at the translating stations on the line requires the erection 
of very heavy and costly structures, and they are largely influenced 
by climatic changes, causing excessive strains at some times, and 
slipping at others. These considerations have induced the managers 


of the Schaffhausen Spinning Mills to adopt electric transmission in 
the very spot where rope transmission, in years gone by, has received 
its most perfect development possible. 

The situation of the works is shown on the diagram (fig. 1). The 
spinning mills are on one side, and the generating station is on the 
other side of the river, the distance between the two being about 750 
yards. In the generating station there-is room for five 350 horse- 
power turbines, of which four are now in place, but of these only two 
are as yet used in connection with the electric power transmission I 
am about to describe. The power of these turbines is sold to the 
Spinning Company at the rate of £2 16s. per annual horse-power taken 
off the rope pulleys (fig. 2). ‘The turbines are horizontal wheels, and 
their vertical axes are geared by bevil wheels with the rope pulleys, 
by which motion is conveyed through cotton ropes to the two genc- 
mating dynamos. ' The latter are six-pole machines, each designed for 
an output of 330 ampéres at 624 volts, and in regular work these 
machines are coupled parallel. The machines, and, in fact, the whole 


* Cantor Lectures, 


Fra. 


making a perfcct electrical joint ; whilst, at the same time, the strain 
is divided between all the wires in the most even way possible. The 
inner box is surrounded by an outer box, and the intervening space 
is cast out with sulphur, which is an excellent insulating material, 
and, applied in this way, of sufficient mechanical strength to resist 
the large forces involved in the supporting of these heavy cables. 

In mountainous countries, where thunderstorms are frequent and 
violent, the protection of lines from. lightning strokes is a matter 
that must not be overlooked. The line I am describing is protected 
in a two-fold manner. In the first place there is stretched over the 
four electric cables a steel wire rope, passing right over the mg 
and in good electric connection with their iron framework, and there- 


Scale of Feet 
10 


5 


fore with earth. The object of this arrangement is to act as an ordi- 
nary lightning protector, on the supposition that a lightning flash will 
rather go to earth by way of the steel cable and one of the towers, 
than run along the electric line. But lightning flashes are sometimes 
very erratic, as was shown experimentally in this very room, in the 
admirable “ Mann Lectures” which Prof. Lodge delivered before this 
Society in 1888. It is, therefore, also necessary to make provision 
for flashes which will, for some reason or other, stray away from the 
direct path provided for them; and this has been done in the Schaff- 
hausen installation, by the employment of lightning arresters at both 
terminal stations. At each station there are four lightning arresters, 
one foreach table. They consist of a pair of toothed plates, of 
which, however, only one is fixed, the other being movable. When 
a flash strikes one cable only, it goes to earth by the corresponding 
plates, and no further damage is donc. Should, however, both a posi- 
tive and a negative cable be struck at the same time, then the arc set 
up between the plates by the passage of the lightning flash provides 
an easy path for the passage of the power current also; in other 
words, the gencrator will be short-circuited. The object of making 


one of the plates movable is to cut off the short circuit current betore ° 
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any harm is done to the machinery. The movable plate of the light- 
ning r is connected to the core of a solenoid, through which 
the short-circuited current must flow. Immediately this current is 
started, the core is sucked in, and the movable plate falls away from 
the fixed plate, thus acting the of an automatic switch. 

Returning now to the Schaffhausen plant, the generating station 
contains two 300-horse-power dynamos, which are over compounded, 
so as to produce a constant pressure of 600 volts at the motor station, 
the loss in the line being, with full current, 24 volts. These machines 
have series wound drum armatures, running at 200 revolutions per 
minute. Their more important electrical data, as well as those re- 
ferring to the motors, are given in the following Table :— 


ScHAFFHAUSEN TRANSMISSION PLANT. 


enough speed to make this safe. There is no inconvenience in using 
such a resistance when we are dealing with small currents; but when 
it is a question of several hundred ampéres, and the absorption of as 


Fia. 5. 
many horse-power, the resistance becomes a very cumbersome and 


unwieldy appliance. To get over this difficulty, Mr. Brown has 
devised a very ingenious method of coupling between the line and 


in | 
motor. motors. 
| | rs 
Number of machines... 2 2 | 2 
umber of poles in magnet field... | 
Revolutions per minute ae ae 300 | 300 | 350 
Terminal voltage At 624 | 600 600 
Normal current, ampéres___... 330 500. 81 
Diameter of armature, inches _ 474 424 238 
Length of armature core, inches _... 20% 224 
Radial i of armature core, inches 8 | 7 4} 
Section of armature conductor, square | 
Number of armature conductors... 316 316 540 
Number of commutator segments ... 153 153 90 
Loss in armature resistance, per cent. 1°46 152 | 27 
Induction in armature, C.G.S. measure | 7,500 7,600 . 15,800 
Shunt resistance, ohms i. ioe 140 143 295 
Loss in shunt excitation, per cent. ... 1:35 168 |. 
Main turns per magnet 6 vee 6 4 
Loss in main excition, per cent... 3 2 
Type of armature... | Drum. Drum. Cylinder. 
S 
W 2 
N 
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Fie. 3. 


. Fig. 4 shows a drawing of these generators. Fig.3 is a drawing of 
the twin motor, which receives the bulk of the power at the spinning 
mills, whilst the remainder is taken up ng a couple of two-pole 

motors, placed in other parts of the mills. ese are not shown on 

the diagrams, as they are of the ordinary design, with which you are 
already familiar. e twin motor is rated at 380, and each of the 
single motors at 60 horse-power, making in all 500 net brake horse- 
power delivered to the mill shafting. The coupling between the 

motors and the mill shafting is by cotton ropes, as shown in fig. 3, 

the arrangement chosen having the advantage that very little side 

strain is thrown upon the motor bearings, owing to the ropes pulling 
ways. 

n interesting and novel feature of the _— is the arrangement 
adopted for starting gradually, and yet without the use of resistance. 
In my experiments last week I used current delivered at constant 
_ ; and, to start the motor ually, and prevent sparking at 

commutator, I was obliged to insert into the armature circuit a 
variable resistance, which was withdrawn after the motor had gathered 


machines, the essential features of which are shown in fig. 6. As I 
have already mentioned, there are four main cables, two positive and 
two negative. of these cables contain no switches which 
need’ be used for starting, although of course they contain 
the switches and fuses which may be required for test- 
ing purposes and as safety devices, but these, not being essen- 
tial to the explanation of the starting arrangements, I have not 
shown in the diagram. Call the two outer cables positive, and the 
two inner cables negative. The positive cables are looped at both 
terminuses, and the inner cables are also looped in this way, but a 
switch is inserted in the right hand cable at the motor station. Now 
imagine all the machines at rest, and this switch to be open. To 
start the plant, the turbine-driven generator, G), is set in motion, and 
the speed run up till this machine excites itself by its own shunt. 
If you follow the connections you will find that the shunts of the 
other three machines will at the same time also become excited. The 
motors have now made their fields, and if we start the second gene- 
rator, Ga, slowly, a power current of gradually increasing strength 
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will be sent through both motors, and the latter will gradually start. 
As they gather speed, their counter E.M.F., which is indicated by a 
voltmeter at the motor station, gradually rises; and if it has become 
equal to the E.M.F. indicated by a second voltmeter in connection 


Fia. 6. 


with the current from the first generator, G,, the attendant closes the 

switch, and the operation of starting is completed. It should be 

noted that on closing this switch there is no sudden rush of current, 

since the pressure on both sides of the switch is approximately equal. 
(To be continued.) 


THE ODESSA ELECTRIC LIGHTING 
STATION. 


THE Odessa harbour lighting plant constructed by the 
Thomson-Houston International Electric Company from the 
Hamburg office, was taken over on July 8th, by the Russian 
Government, and commenced regular working. 

There are in operation 64 2,000-C.P. arc lamps, and 8 
125-C.P. incandescent lamps. 

These lamps are on two different circuits, thus :— 

33 arc lamps on one circuit’;! 


28 arc lamps and 8 incandescent lamps on the second, and 
three arc lamps in the station. 

Four of each of the 125-C.P. incandescent lamps are 
placed in the lanterns on two 9 m. high iron towers, fig. 1, 
each of which have been erected on the breakwater outside 
the harbour. They replace two old-fashioned double lamp 


signal poles (these old signal poles can be seen on the cut of 
the light tower). 

The arc lamps are placed along the different —_ and 
entrances to the harbour and custom-houses. In conse- 
quence of the different positions and uses of these lamps, it 
was necessary to erect candelabra of different designs. 
Four are made 8 m. high, so that the top of the post can be 
lowered to allow the grain conveyers to pass over them 


(fig. 2). 


Fia. 2. 


Three candelabra are 13 metres high. On these, two 
arc lamps are placed ; one 13 metres high from the ground, 
the other about 6 metres. These lamps are placed near the 
side of the elevated railway (which brings grain to the ship), 
and the lights are thrown both over and underneath the rail- 
way. 


One 9-metre candelabrum is used for signal lamps, with two 
arc lamps, one -hanging close under the other. Red and 
green globes are used on these lamps instead of white, as 
used on the other lamps. 
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“+ All other lamps are placed on 9-metre candelabra, fig. 3, 
the bases of which are of cast iron, and the remaining parts 
of three lengths of wrought iron tube of 6, 5 and 4 inches 
respectively in diameter, joined by means of neat cast iron 
ucing sockets. 

In each cast iron base there is a small plug switchboard 
mounted on hard rubber. To the lower binding posts comcs 


—> 


the underground cable, and to the top ones the cable leading 
up inside the lamp-post to the lamp. Contact plugs are con- 
veniently arranged thus : that if it is desired, the lamps can 
be cut ont absolutely from the rest of the circnit, or only short 
circuited. 

In'the two circuits have been used about 16,000 metres of 


underground cable, 15 sq. mm., sectioned and iron band 
armoured, manufactured by Felten and Guilleaume, and also 
about 900 metres submarine cable, 126 sq. mm. in cross 
section, steel wire armoured, leading to and from the ligh t 
towers. Where the submarine cable joins the land cable, 
one of Thomson-Rice absolute cut-outs is placed, allowing the 
cutting out of the submarine cable in case of fault in the sam>, 


Fia. 5. 


The land cable is laid 600 mm. deep, bedded in a layer of 
fine sand. About 200\mm. from the bottom of the ditch 
and over the cable, a tarred plank of 50 mm. thickness is 
laid, to serve as additional protection to the cable from 
mechanical injury. Over these planks the soil and paving is 
replaced. 
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The generating plant consists (fig. 4) of- four Thomson- 


Houston 35 light series wound arc dynamos, driven by belt- ° 


ing from two central valve condensing Willans and Robinson 
high speed engines (fig. 5), with driving pulleys on each side 
of the bed plate. These engines run at 470 revolutions. 

The two boilers are supplied by the Babcock and Wilcox 
Company. The surface condenser, air and circulating pump 
and piping, are also furnished by the Babcock and Wilcox 
Company. 

In the neat station house all is iron and stone. 

A partition wall divides the boilers from the engines and 
dynamos. Above the engine and dynamo room is a store 
and testing room. The station (fig. 6) is situated at about 
an equal distance from gach end of the harbour, and so the 
two circuits go one to the left and one to the right on leaving 
the station. 


13,208. “ Improvements in the manufacture of wire, bars, bands 
and sheets of copper by electrolysis, and in apparatus therefor.” 
E. Casper. (Communicated by E. Viarengo, Italy.) Dated 
August 4th. 

13,214. “ Improvements in and connected with type writing or 
hand printing for telegraphing or otherwise.” P. H. Wicvtams. 
Dated August 5th. 

13,250. ‘ Improvements in electrical switches and safety fuses.” 
W. H. Waeattry. (Communicated by A. Ashfalck, Germany.) 
Dated August, 5th. 

13,252.° “ Improvements in electrical contact making and breaking 
devices.” C. Ferny and E. Ducreter. Dated August 5th. 

13,268. “ Improvements in electrical fire alarms.” W. W. Horn. 
(Communicated by B. W. Leonard and J. C. Nichols, United States.) 
Dated August 5th. 

13,269. ‘“ An improvement in connecting the conductors of elec- 
glow lamps.” E. A. GimmncHam. Dated August 5th. (Com- 
plete. 


Careful tests of all machinery were made by the Govern- 
ment Commission from St. Petersburg, with the result that 
they expressed themselves.as not only satisfied but highly 
pleased with everything. In the report to the Ministerium 
of Ways of Communication in St. Petersburg, they mentioned 
that this plant was, for good workmanship and general dura- 
bility, second to none in all Russia. 

This plant is proving thus far extremely economical in 
operation. Good boilers, good compound condensing engines, 
dyuamos automatic in regulation, responsive to the demands 
of the circuit ; cables of high insulation, lamps that burn 
steadily, and all extremely simple, requiring the care of few 
and only ordinarily intelligent attendants ; these are the 
conditions for which the plant was designed, and which are 
being satisfactorily fulfilled. 


NEW PATENTS-—1891. 


13,163. “Improvements in carbon transmitters for telephonic 
purposes.” W. BrenuEeim. Dated August 4th. 

13,167. ‘“ Showing when the bell of a telephone has been ringing, 
or ‘A sight indicator for telephones”” T. D. Wint1ams. Dated 
August 4th. 

13,171. “An improved socket for incandescent electric lamps.” 
J. CrigGat, J. BERKLEY, and C. F. Wirtiamson. Dated August 4th. 
(Complete.) 

13,200. “ Improvements in fence posts, telegraph posts, or the 
like.” G.C.Dymonp. (Communicated by F. P. Rosback and H. F. 
Band, United States.) Dated August 4th. (Complete. 


13,274. “Improvements in electric meters.” P. E. Sincer 
Dated August 6th. 

13,280. ‘“ Improvements in electrical conduits and conductors.” 
J.M.M. Munro. Dated August 6th. 

13,315. “ Improvements in arc lamps.” J..Y. JoHNson. (Com- 
municated by C. Bellens, France.) Dated July 6th. (Connie 

13,331. ‘“ Improvements in telephony and apparatus therefor.” 
M. G. Ketxtoc. Dated August 6th. 

13,335. ‘ Electric tell-tale for the control of mast head, stern and 
side lights on steamers.” L.H. Cringe. Dated August 7th. 

13,362. “Improvements in dynamo-electric machines.” G. 
ForBes. Dated August 7th. 

13,366. “Improved telephone transmitter.” J. D. Massey. 
Dated August 7th. . 

13,367. “Improvements in electric telephone switches and 
systems.” T.B. Storer. Dated August 7th. 

13,371. ‘“ Improved electro manual devices for the actuation of 
gravity signal arms, points, and the like.” H.H.LxicuH. (Commu- 
nicated by A. Hillairet and A. Hugnet, France.) Dated August 7th. 
(Complete.) 


13,372. “ An improved electric or galvanic brush.” A. H. Byna. 
Dated August 7th. 


13,384. “ Improvements in electrical contacts.” 
Dated August 7th. 


13,387. “Improvements in dynamo-electric generators.” J. H. 
Caza. Dated August 7th. 


13,395. ‘‘ Improvements relating to the extraction of aluminium 
hydrate or aluminium salts from aluminium silicates or clay.” E. 
Meyer. Dated August 7th. 

13,437. ‘“ An improved method of and means for electrical com- 
munication between parts of railway trains.” A. J. Howzs. Dated 
August 8th. 

13,446. “ An improvement in secondary voltaic batteries.” W. J. 
S. Dated August 8th. 


G. Fores. 
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13,460. “Improvements relating to the coating of articles with a 
new metallic alloy by electro-deposition.”. THz Lonpon Mxrat- 
LuReIoaAL Company, Livrrep, and 8. O. Cowrmr-Conzs. Dated 
August 8th. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1890. 


1,897. “ An improved composition applicable for electrical insu- 
lating and other purposes, and the process for manufacturing the said 
composition.” E.Fauric. Dated February 4th. 6d. Re toa 
celluloid preparation. 3 claims. 


2,876. “ Improvements in safety apparatus and devices for pre- 
venting danger from high tension electric currents and for indicating 
low tension circuits.” H. E. Waurzr. Dated February 


3,839. “Improved receiving apparatus for cable tel a’. P. 
B. Drtany. Dated March 11th. Ped. The inventor using 
an —es coil or armature similar to that used in a Thomson 
recorder, and makes it actuate an arm or finger, the end of which 
makes contact with two contact plates one on cach side of a central 
or neutral line, the plane of the faces of the plates being parallel to 
the plane of oscillation of the finger, or sufficiently so to permit proper 
contact between the end of: the finger: and the plates, and not inter- 
fere with an independent vibration of the finger in planes at right 
angles to the plane of oscillation. Ordinary telegraphic receiving 
instruments are connected with the contact plates. 7 claims. 

3,967. “Improvements in or connected with the manufacture of 
secondary battery elements.” J.S.Sruvznson. Dated March 13th. 
6d. According to this invention the active materialis pressed between 
surfaces or devices which are so formed or arranged as to include 
recessed parts corresponding to the size and shape of the pellets or 
pieces to be formed, and projecting or marginal portions which make 
errs or weakened parts in the active material when it is pressed 

tween the surfaces or devices. When the material so treated is 
removed from between the surfaces or devices and sufficiently dried 
it can be easily broken or severed at the weakest parts and so be 
reduced to the required pellets or pieces of the required size. 1 


4,991. “Improvements in electric arc lamps.” A. Gay and R. 
Hammonp. Dated March 31st. 8d. The motive power for regu- 
lating the positions of the electrodes is obtained from two electric 
motors operated by the current which feeds the lamp. One motor is 
traversed by the main current, and is so proportioned in relation to 
the resistance against which it works that 1t remains at rest when the 
normal current is flowing; when the current is greater than the 
normal, this motor commences to rotate and draws the carbons apart. 
The second motor is placed in a shunt circuit around the arc, and it 
is likewise so proportioned that when there is a normal difference of 
——— at the terminals of the motor, it is stationary. When this 

ce of potential increases beyond the normal the second motor 
commences to rotate, and moves the carbons nearer together. 2 


CORRESPONDENCE. 


The Values of y and u. 


It is a pity the writer of the article under this heading 
(“ Careless Reading” is now left out) cannot discuss the 
uestion without loss of temper. The use of gross personali- 
ties simply betrays his ignorance and incompetence. If 
silence on my part might not have been construed into acqui- 
escence in his absurd nonsense, I should from a feeling of 
self-respect have declined to continue the discussion. - 


Fact 1.—I have never seen it stated in writing that the 


result of equation (32) is a strong corroboration of the cor- 
rectness'of Joule’s value of J ; but I know, nevertheless, that 
it has been so considered. That it ever should have been so 
considered is unquestionably very absurd. 

Fact 2.—I have never quoted Maxwell against Thomson. 
In all things Maxwell is the humble disciple of both Thomson 
and Rankine. I cannot find the statement attributed by the 
writer to. Maxwell, but speaking from memory, I feel sure he 
says somewhere, in his work on “ Heat,” that it follows from 
the results of Sir William Thomson’s experiments, that the 
absolute temperature must be somewhat higher than that 
indicated by ‘the air thermometer. 

The formula quoted is not Maxwell’s, but simply a deduc- 
tion from the law of Boyle and Marriotte. Maxwell does 
not, himself, regard the law of Boyle and Marriotte as 
approximate only; nor is it so. It has been deduced hy 
strictly Baconian methods from the results of many experi- 
ments, none exactly agreeing with the other. They could 
not exactly agree, if they were honestly made. In Section 24 
of Sir William Thomson’s article on “ Heat,” there occurs 


the following statement : “Thus he (Regnault) was led to 


‘a definition of temperature expressed by the following 


formula” : 


— * 
the zero point being the temperature of melting ice, and 
therefore all temperatures below that of melting ice negative. 
This formula is simply identical with the formula of Boyle 
and Marriotte, when the volume is constant, viz., 
t= (100 +1.) p 
Proo * 

the zero point in this case being that of the scale of absolute 
temperature. The results, therefore, of Regnault’s experi- 
ments Spy confirm the truth of the law of Boyle and 
Marriotte. If Mons. Amagat’s experimental results show 
that a fall of ure of three atmospheres is only accom- 
panied by a fall of +),th of a degree of temperature, they are 
unquestionably utterly unreliable. 

t is a pity that the writer's contemptuous opinion of the 
intellectual level of your readers has deprived them of the 
chance of knowing why the correction is a deduction in the 
case of hydrogen and an addition in the case of air. _ 

Fact 3.—I must leave your readers to form their own 
opinions as to the relative merits of the arguments. I did 


not myself state that the value of the factor 
Vo 


differs from that for hydrogen by 4 per cent. I merely 
uoted Sir William Thomson’s statement of the results of 
experiments. 

Fact 4.—He says, “I said that in the course of my re- 
searches I had met with many amazing statements, but none 


, for air 


so amazing as the statement that x re is a constant nega- 
tive abstract number. This isa ——” The blank I suppose 
represents something unfit for ears polite. Instead of dis- 
covering two separate cats in two separate bags the writer 
has simply discovered a mare’s nest. The pairs of symbols, 
3 t, 5 p, and d p, dt, respresent simultaneous changes in the 
temperature and pressure. Sir William Thomson states that 
he and Joule have proved that 


(a) 
for the most infinitesimal chai of the variables ap to 
pressures of six atmospheres. In other words they assert 


they have proved that the different co-efficient, re is equal 
039 


to — —“*. The writer of the article must therefore know 
Tv 


that equation A affirms that r rs is a constant negative 


abstract number. How is it that he says nothing about 
my further statement that “The writer has beaten the record 
by his statement that £ and v, are mutually interdependent 
variables. He knows that they are not, and as he has ad- 
mitted that every equation must either contain no variable 
at all or at least two, he knows also that equation (32) is an 
equation. 
gas cannot expand into a vacuum without doing work. 
Does not a spring do work, when it rebounds immediately the 
compressing or extending force ceases to act. Since the proof 
of the truth of the adiabatic relations between temperature 
pressure and volume, viz., : 
pv’ = po vo and ¢ = 

does not depend on the principle of the convertibility of 
heat and work, it follows that if these equations of relation 
are true, and the principle of the convertibility of heat and 
work is true, the work done during expansion depends solel 
on the amount of the expansion, and not on the way in whic 
the expansion is effected. 

The comparison of the expenditure of loose cash with the 
expenditure of work done in shaking it, is worthy of the 

ibre of the writer of the article. 

William Donaldson. 
August 12th. 
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